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DESCRIPTION
SOLUBLE RECEPTOR BR43x2

BACKGROUND OF THE INVEWTION

Cellular interactions which occur  during  an
immune response are regulated by members of sevezal
families of cell. surface receptors, including the tumor )
necrosis factor receptor .{?"HE‘R) family. The -TNFR family
consists of a number of integral membrane glycoprotein
réceptors many of which, in conjunction with their
respective ligands, regulate interactions batween
different hematopoietic cell lineages (Smith et al., The
INF Receptor Superfanily of Cellular and Viral Proteins:
Activation, Costimulation and Death, 76:953-62, 1934;
Cosman, Stem Cells 12:440-55, 193%4).

One  such receptor is TACE, transmembrana
activator and CAML-interactor (von Biilow and Bram, Science
228:138-41, 1997 and WIPQ Publication WO 98/33361). TACI
is a membrane bound receptor having an extracellular
domain containing two cysteine-rich pseudo-repeats, a
transmembrane domain and a cytoplasmic domain  that
interacts with CAML (calcium-modulater and cyclophilin

ligandj, an integral membrane protein located at

'intxacellula:: vesicles which is a co~-inducer of RE-AT

activation when overexpressed in Jurkat cells. TACT is
assoclated with B cells and a subset of T cells, von
84low and Bram {ibid.} report that the ligand for TACT is
not known. '

The polypeptides of the present 1nventior';, a
TACI isoform having only one cysteine~rich pseudo-repeat
{BR43x2}, ‘TACI and a2 related B cell protein, BCMA (Gras et
al., Int. Trmunol. 17:1093-106, 1955) were found to bind
to the TNF ligand, ‘ztnf4, now know as neutrokine o (WIPD
Publication, WO 98/18921). As such, TACI, BA43x2 and BCMA




BEGLOTO" r«:z::ssaéx%m

10

15

20

25

30

335

would be useful to regulate the activity of ztnfd
{neutrokine o} in particular, the activation of B cells.

Towards this end, the pressent invention provides
protein therapeutics for modulating the activity of ztnf4
{neutrokine o}, related compositions and methods as well as
other uses that should be apparent to those skilled in the
art from the teachings herein.

BRIEF DESCRIPTION OF THE DRAWING

The figure shows & multiple amino acid sequence
alignment between BR43x2, TACI (von Bfilew and Bram, ibid.)
[SEQ ID NO:5), BCMA (Gras et al., ibid.) [5EQ ID NO:6) and
BR43x1 {SEQ ID NO:7}. The cysteine-rich psevdo repeats

and transmembrane domain are noted.
SUMMARY OF TRE INVENTION

Within one aspect the present invention provides
an isolated polynucleotide molecule encoding a pelypeptide
having the sequence of SEQ ID NO:4. Within one enbodiment
the polynucleotide is selected from the group - consisting
of: a} the polynucleotide seguence of SEQ ID NO:3; B} a
degenerate polynucleotide sequence of a}; and ¢}
polynucleotide seguence complementary to a) or b}. Within
another embodiment the polypeptide further comprising a
transmembrane domain and a cytoplasmic domain consisting
of amine acid residues 121-247 of SEQ Ib NO:2. Within yet
another embediment the polypeptide further comprises ah N-
terminal or C-terminal affinity tag. Within a related
embodiment the affinity tag is maltose binding protein,
polyhistidine, Asp Tyr Lys Asp Asp Asp Asp Lys (SEQ ID
NO:11} or Glu Glu Tyr Met Pro Met Glu {SEQ ID NO:12).

The invention also provides an iso{ated
polynucleotide molecule encoding 2 polypeptide consisting
of an amino acid sequence of SEQ ID NO:B.
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Within a another aspect the invention provides
#n expressioh vector comprising the following operably
linked elenents: a transcription promoter; a
polynucleotide molecule according to claim 1: and a
transcription termipator. Hithin one embodiment the
expression vector further comprises a secyetory signal
sequence operably linked to said polynucleotide molecnle.
Within another embodiment is provided a eultured cell inte
which has been introduced the expression vector described
herein, wherein the cultured cell expresses said
polypeptide encoded by said polynucleotide segment .
Within another embodiment is provided a method of
prodocing a polypeptide comprising: culturing a cell into
which has been introduced an expression vector as
described herein; whereby said cell expresses said

polypeptide encoded by said polynucleotide molecule; and

recovering said expressed polypeptide, -

Rithin another aspect the invention provides a
polynucleotide encoding a2 fusien proteln consisting
essentially of a first porticn and a second portion joined
by a peptide bond, said Ffirst portieon comprising a
pelypeptide having an amino acid sequence selected from
the group consisting of: a} the sequence of SEQ ID NO:4:
or b) the sequence of SEQ ID NG:8: and said second porticn
comprising another polypeptide. Within one embodiment the
second portien is an immunoglobulin heavy chain constant
region or an affinity tag.

The invention also provides an isoclated
polypeptide having the sequence of SEQ ID HWD:4, an
isolated polypeptide having the sequence of SEQ ID NO:Z,
and an lsolated polypeptide having the sequence of SEQ 1b
RO:B. Also provided are such polypeptides further
comprising anm affinity tag. Within a related embodiment
the  affinity tag is maltose binding  protein,
polyhistidine, Asp Tyr Lys Asp Asp asp Asp lya (SEQ 1D
NO:11) or Glu Glu Tyr Met Pro Met Glu {SEQ ID ND:12).




{2

10

15

20

25

30

a5

The invention alse provides a fusion protein
consisting essentially of a fips pertien and a second
portion 3joined by a peptide bond, said first portion
comprising a polypeptide having an amino acid sequence
selected from the group consisting of: a) the sequence of
SEQ ID NO:4; or b) the sequence of SEQ ID NO:8; and said
second portion comprising another polypeptide. Within one
embodiment the second portion is an immunoglobulin heavy

chain constant region.
The invention further provides & pharmaceutical

composition comprising a polypeptide selected from the
group consisting of: a} a polypeptide having the a%ninn
acid seguence of SEQ ID NO:4; b) a polypeptide having‘ the
amino acid seqguence of SEQ ID NO:8; and ©) a fusien
protein according the claim 18; in combination with a

pharmaceutically acceptable vehicle.

The invention alse provides a method of
mhib;tmg neutrokine a activity in a mam-ma]. comprising
administering to said mammal an amount of a compound
selected from the group consisting of: 2} a polypeptide of
SEQ ID NO:4; b} a polypeptide of SEQ ID NO:B; ¢} a fusion
protein; d) a polypeptide of SEQ ID KO:5 from amino acid
residue 1 to reaidue 166; e} a polypeptide of SEQ ID NO:§
frem amino acid residue 1 to residue 15G; £} an ‘antibody
or antibody fragment which specifically binds te a
polypeptide of SBQ ID NO:4; and g} an antibody or antibody
fragment which specifically binds to a polypeptide of SEQ
ID KNO:B. Rithin one embodiment the Fusion protein is
selected from the group consisting of: a} a fusion protein
as described above; W) a3 fusion protein consisting
essentially of a first portisn comprising a polypeptide
having an amine acid sequence from amino acid residue 1 to
amine acid residua 166 of SEQ ID NO:5 joined to 2 second

. portion comprising an imnunogliobulin heavy chain constant

region by a peptide bond; and ¢} a fusion protein
consisting essentially of a first portion comprising a
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polypeptide having an amino acid seguence from amino acid
residuc 1 tp amine agid residue 15D of SEQ I NO:6 joined
to a second pertion comprising an immunoglobulim heavy
chain constant reglon, by 2 peptide bond. Within another
embodiment the antibody 4is selected from the group
consisting of: a2} pelyclonal antibody; b) murine
monoclonal antibody; c©} humanized antibody derived from
b); and d] human monoclonal antibody. Within a further
embodiment the 'antibndy fragment is selected. from the
group consisting of F{ab’}, Fladb), Fab’, Fab, Fv, scfv,
and minimal recognition unit. Hithin another embogiment
the mammal is 2 primate. Within a rélated embodimeng, the
pre-B cell or B-cell cancer is selected from the group
consisting of B cell leukemias, B cell myelomas and B cell
lymphomes. Within anpother embodiment the neutrekine a
activity is associated with antibody production. Within a
related embodiment the antibody production is associated
with an autoimmune disease. Hithin a further related
embodiment the autoimmune disease is systemic lupus
erythomateosis, myasthenia gravis or rheumatoid arthritis.

Thase and other aspects of the invention will
betome evident upon zreference to the following detailed
description.

DETRILED DESCRIPTICH OF THE INVENTICH

Prior to setting forth the invention, it may be
helpful to an understanding thersof to set forth
definitions of certain terms to be used hereinafter:

Affinity tag: 4s used herein to denote a
polypeptide segment that can be attached to a second
polypeptide to provide for purification or detection of
the second polypeptide or provide sites for attachment of
the second polypeptide to a substrate, In principal, any
peptide or protein for which an antibody or other specific
binding agent is available can be used as an affinity tag.
Affinity tags include a poly-histidine tract, protein a
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{Nilsson et al., EMBO J. 4:
o

Hethods Enzymol. 188:3, 1822
(smith and Jobmson, Gepe §7:31, 1988), Glu-GBlu affinity
tag (Grussenmeyer et al., Proc. Natl. Acad. Sei. USA
B2:7952~4, 1985), substance P, Flag™ peptide (Hopp et al.,
Biotechnology §:1204-10, 1388), streptavidin binding
peptide, or other antigenic epitope or binding domain.
See, in general, Ford et al., Protein Expression and
Purification 2: 95-107, 18%1. DNAs encoding affinity tags
are available from commercial suppliers {e.g., Pharmacia
Blotech, Plscataway, NJ}. :
Allelic varjant : Any of twp or moxe alternative
forms of a gene occupying the same chromosomal locus.
Allelic variation arises naturally through mutation, and
may result in phenotypic polymorphism within populatiens.
Gene mutations cam be silent (i.e., no change in the
encoded polypeptide), or may encode polypeptides having
altered amino acid sequence. The term "allelic vari'ant“
is also used herein to denote 2 protein _'encodud by an

1075, 1985; Nilsson et al.,
)

, glutathicne § transfersse

allelic variant of a gene. Alse included are the same
protein from the same species which differs from 2
refergnee amino acid sequence due to allelic variation.
Allelic variation refers to natarally occurring
differences among individuals in genes epceding a given

protein.
Aminp-terminal and carboxyl-termipal: are used

herein to denote positions within polypeptides and
proteins. Where the context allows, these terms are used

with reference to a particular sequence or portion of a

pelypeptide or protein to denote proximity or zelative
position.  For example, a certain seguence positioned
carboxyl-temminal to a reference seguence within a protein
is located proximal to the carboxyl termibus of the
reference sequence, but is not necessarily at the carboxyl

terninus of the complete protein.
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Complement/anti-complement pair: Denotes non-

identical moiekies that form a nop-tovelently associated,
stable pair under appropriate conditions. For instance,
biotin and avidin {or streptavidin) are p:ototQpical
members of a complement/anti-complemant pair. Dther
exemplary compiemeat/anti~complement pairs include
receptor/ligand pairs, antibody/antigen (or hapten or
epitope] pairs, sense/antisenss polynucleotide pairs, and
the like, Where  subsequent dissociation of the
complement/anti-complement pasr is desirable, the
complement/anti-complement pair preferably has a binding
affinity of <1079 K.

Contiy: Denotes a pelynucleotide that has a
contiguous stretch of identical or complementary sequence
to another pelynucleotide. Contiguous sequences are sald
to “overlap” a given stretch of pelymucleotide sequence
either in their entirety or aleng.a partial stretch of the
polynucleotide. For example, .representative comrtlgs to
the polynucleotide sequence 5f~ATGGCTTAGCYT-3' are 57~
TAGCTTgagtct-3" and 3 ~gtcgacTACCGA-5' .

Complements of polynucleotide molecules: Denptes

pelynucleotide molecnles' having a -complementary base
sequence and reverse ozientation as compared to a
reference seguence. for example, the sequence 57

ATGCACGGG 3' 15 complementary to 5' CCUGTGCAT 3°*.
Degenerate Nucleotide Segquence or Degenerate

sgquence: Denotes & sequence of nucleotides that includes
one or more degenerate codons {as éompared to a reference
polynucleotide molecule that encodes a polypeptide).
Degenerate codons contain  different triplets of
nucleotides, but encode the same amino acid residue (L.e.,
GAD and GAC triplets each encode Asp).

Expression vector: A DNR molscule, linear or
cireular, that comprises a segment encoding a polypeptide
of interest operably linked to additional segments that
provide for its transcription. Such additional segments
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may include promoter and terminator sequences, and
aptionally m:se or more origins of replication, one or moxe
selectable markers, an emhancer, a polyadenylation signal,
and the like. Expression vectors are generally derjved
from plasmid ox viral DNA, or may contain elements of
both. . '

Iseofomm: refers to different forms of‘ a
protein that masy be produced from different genes or from
the same geae by alternate splicing. In some ca'ses,
isoforms differ in their transport activity, time of
expression in development, tissue distribution, location
in the cell or a combination of these properties.

Isplated polynuclestide: denotes that the
pulynucleotide has been removed from its natural genetic
milien and is thus free of other extranecus or unwa'nted

coding sequences, and is in a form suitable for use within
genetically engineered protein production systems.  Such
fsplated molecules are those that are separated from thelr
natural environment and include cDNA and genomic clones.
Isolated DNA molecules of the present invention are free
of other genes with which they are ordinarily associated,
but may include naturally occurzing 5' and 3' untranslated
regions such as promoters and terminators. The
identification of associated regions will be evident to
one of ordinary skill in the art {see for example, Dynan
and Tijan, Natpre 316:774-78, 18835). .
Isolated polypeptide or protein: is a
pelypeptide or protein that 1s found iIn a conditien other
than its native environment, such as apart from blood and
animal tissue. In a preferred fomm, the isolated
polypeptide is substantially free of other paolypeptides,

particularly other polypeptides of animal origin. It is
preferred to provide the polypeptides in a highly purified
form, i.e. greater than 95% pure, more preferably greater
than 92% pure. Hhen used in this context, the term
“isplated” does not exclude the presence of the same
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polypeptide in altefnative physical forms, such iy dimers

or alternatively glycosylated or derivatized fomms.
Operably ° linked: As applied to nucleotide

segments, the term "operably linked” indicates that the

segments are arranged ao that they fonction in concert for
their intended purposes, e.g., transcription initiates in
the promoter and proceeds through the caéiag segment to
the terminator. .

Orthelog: Denotes a polypeptide or protein
obtained from one species that is5 the functional
counterpart of a polypeptide or protein from a different
species. Sequence differences among orthologs are the
result of speciation.

Polynucleotide: denotes a single- or double-
stranded polymer of deoxyribonucleotide or ribonucleotide
bases read from the 5' to the 3' .end. Polynucleotides
include RNA and DNA, and may be isclated from natural
spuxces, synthesized in vitro, or prepared from a
combination of natural and synthetic molecules. Sizes of
polynucleotides are expressed as base pairs {abbreviated
“bp”), nucleotldes (“nt”), or kilobabes {[“kb*). Where the

_context allows, the latter ™ twe terms may describe

polynucleotides that are single-stranded or double-
stranded. Wher the Yterm is applied to double-stranded
molecules it is used to denotes overall length and will be
understeood to be eguivalent to the term “basa pafirs”. It
will be recognized by those skilled in the art that the
two strands of a double-stranded polynucleotide may differ ‘
slightly in length and that the ends thereof may be
staggered as a result of enzyvmatic cleavage; thus all
nucleatides within a  double-stranded polynucleotide
moleculs may not be paired. Such unpaired ends will in
general not exceed 20 at in length.

Bolypeptide: Is a polymer of aminc acid residues
Joined by peptide bonds, whether produced naturz}lly or
synthetically, Polypeptides of less than about 10 amino
acid residues are commonly referred to as “peptides”.
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Promoter: Denotes a portion of a gene cantai'ning
DNMA  soguences  thet  provide for the binding of HRNA
polymerase and initiatien of transcription. Promcter
sequences are commonly, bub not always, found in the 5°
non-coding regions of genes.

Protein: is a macromclecule comprising one or
more polypeptidé chains. A protein ma2y also éomprise non-
peptidic  components, such as  carbohydrate groups.
Carbohydrates and other non-~peptidic substituents may be
added to a protein by the zell in which the protein is
produced, and will vary with the type of cell. Proteins
are defined herein in terms of their amino acid backbone
structures; substituents such as carbohydrate grnups.'ara
genarally not sperified, but may be present nonetheless.

Recoptor: A cell-associated protein, or a
polypeptide subunit of such protein, that binds to a
bioactive molecule (the "ligand®} and mediates the effect
of the ligand on the cell. Binding of ligand to receptor
results in a change in the receptor (and, in some cases,
receptor multimerization, l.e., association of identical
or different receptor subunits) that causes interactions
between the effector domain{s) of the receptor and other
molecule{s} in the cell. These interactions in turn lead
to alterations in the metabolism of the celli. Metabolic
events that are linked to reseptor-ligand interactions
inciuda gene transeription, phosphorxylation,
dephosphorylation, cell proliferation, lncreases in cyclic
AMP  production, mobilization of cellular calclum,
mobilization of membrane lipids, cell adhesion, hydrolysis
of Linositol 1lipids and hydrolysis of phospholipids.
BR43x2 has characteristlecs of THF receptora, as discussed
in more detail herein.

Secretory signal segquence: A DNA sequence that
encodes a polypeptide (a "secretory peptide™) that, as a
component of a larger polypeptide, directs the larger
polypeptide through a secretory pathway of a cell in which
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it is synthesized. The larger polypeptide is commonly
cleaved to remove the secretory peptide guring transit
through the secretory pathway.

Soluble receptor: A receptor polypeptide that is
not bound to & cell membrane. Soluble receptors are most
commonly ligand-binding receptor polypeptides that lack
transmembrane and cytoplasmie domains. Soluble receptors
can comprise additional amino acid residues, such as
affinity tags that provide for purification of the

polypeptide or provide sites for attachment of the
polypeptide to a substrate. Many cell-surface receptors
bave naturally occurring, soluble counterparts that are
produced by proteclysis or translated from 2lternatively
spliced mRNAs. Receptor polypeptides are said to be
substantially free of transmembrane and intracellular
polypeptide segments when they lack sufficient portions of
these segments to provide membrane anchoring or signal

transduction, respectively. N
Molecular weights and’ lengths of polymers

determined by imprecise analytical methods (e.g., gel
electrophoresis} will be understocd to be approximate
values. When such a value is expressed as “about™ X or
“approximately” X, the stated vwvalue of X will be
understood to be accurate to 10%.

Al) references cited herein are incorporated by
reference in their entirety. ] .

The present invention is based in part upon the
discovery of a 1152 ‘bp DNA seguence (8EQ ID WO:1) and
corresponding polypeptide sequ;ence {SEQ ID NO:2} which is

‘an lsoform of the receptor TACI. The isoform has been

designated BR43x2. A soluble form of BR43x2 is disclosed
in SEQ ID NO:4, the polynucleotide encoding the soluble
receptor in SEQ IR HO:3., BAs is described in more detail
herein, the BR43x2Z receptor-encoding polynuclectides and
polypeptides of the present invention were initially
identified by signal trap cloning using a human RPMI 1788
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library and the N- or C-terminally FLAG-tagged, biotin- or
FITC-labeled tumor necrosis factor ligand ztnfd, wow known
as nentrokine o {WIPO WO0B/1B921). Positive pwols were
identified by ligand binding, Rroken down to single
clones, the cDNA isolated and seguenced, A comparison of
the BR43x2 deduced amino acid sequence (as :epresente'd in
SEQ TD NO:2) with known tumer necrosis factor receptors
indicated that BR43x2 is an isoform of TACI, having a
single, poorly consexrved, cysteine-rich psendo-repeat.

Structurally, the THF receptor family is
characterized by an extracellwlar portion composed of
several modanles called, historically, “cysteine-rich
pseudo-repeats”. A prototypical THNFR family member has
four of these pseudo-repeats, each about 235-43 residues
long, one right after the other. A typicsl psendo-repeat
has 6 cysteine residues. They are called pseudo-repeats
because, although they appear to originate from a common
ancestral module, they do not repeat exactly: psendo-
repeats #1, §2, #3 and #4 have chazacteristic seguence
features which distinguish them from one another. The
:::rystal structure of the p55 THE receptor revealed that
each pseudo-repeat corresponds to one folding domain,- and
that all four pseodo-repeats fold into the same tertiary
structure, held together internally by disulfide bonds.

TACI contalns two cysteine-rich pseudo-repeats
{von Bﬂloh: and Bram, ibid.}, the first is conserved in
structure with other members of the THE receptor Ifamily;
the second is less conserved. The BR43x2 isoform of the
present invention lacks the first TACI cysteine-rich
pseuvdo-repeat, retaining only the second, less consexved
repaat.

Sequence analysis of a deduced amino acid
seguence of BR43x2 as represented in SEQ ID NO:2 indicates

the presence of a mature protein having an extracellular
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domain {residues 1-120 of SEQ ID NOG:2} which contains one
cygteine-rich pgeude-repeat {residues 25-5§ of SEQ ID
NO:2}, a transmembrane domain {residues 121-133 of SEQ ID
HO:2} and a cytoplasmic domain (residues 134~247 of SEQ ID
NO:2). The cysteine-rich psevudo-repeat of BR43x2 has 6
conserved cysteine residues ({residues 25, 40, 43, 47, 54
and 58 of SEQ ID NO:2), a conserved aspartic acid residue
(residue 34 of SEQ ID NO:2) and two conserved leucine
reaidues (residues 36 and 37 of SEQ ID NO:2) and shares
46% identity with the first cysteine-rich pseudo-repeat of
TACI {S5EQ ID N0O:5) and 35% identity with the cysteine—-rich
pseudo-repeat of BCMA (SEQ ID NO:6). The cysteine-zich
pseudo~repeat can be represented by the fellowing motif:

Cx{QEX) {QEKNRDHS] [QE}X (0-2} [YEW] [YFW} DXLLX{2}C[IMLV]XCX {3}
CX{6-8}CX[2}{YFIC ([SEQ ID NO:8),

wherein € represents the amino acid residue
cysteine, Q glutamine, E glutamic acid, K lysine, N
asparagine, R arginine, D aspartic acid, H histidine, S
serine, Y tyrosine, ¥ phenylalanine, ® tryptophan, L
leucine, T isoleveine, V waline and X represents * any
naturally occurring aminc acld residue except cysteine.
Amine acid residues in sguare bracksts “[}]” indicate the
allowed amino acid residue variation at that position.
The number in the braces “{}~ indicates the number of
allowed amino acid residues at that positioen. )

The ﬁrésent invention alse provides soluble
polypeptides of from 32 to 40 amino =2cid residues in
length as provided by SEQ ID NO:8.

The soluble BR43x2 receptor, as represented by
residues 1-120 of SEQ ID NO:4, conrtaining one cysteine-
rich pseudo-repeat (residues 25-58 of SEQ ID ¥O:4) - and
tacks the transmembrane and cytoplasmic domains of BR43x2
as described in SEQ ID ND:2.
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Those skilled in the art will recognize that

thase domain boundarisc are approximats, and are based on

alignments with known proteins and predictions of protein
felding. These features indicate that the receptor
encoded by the DNA sequences of SEQ ID NOs:1 and 3 is a
member of the TRF receptor family.

Northern blotr and Dot blot analysis of the
tissue distribution of the R®RNA corresponding to
nucleotide probes te BR43x1 which are predicted to detect
BR43x2 expressicn showed e:;prAessiDn in si:leen, lymph node,
€019+ cells, weakly in mixed lymphocyte reaction cells,
Daudi and Raji cells. UOsing reverse transcriptese PCR
BR43x1 was detected in B ecells only and not in activated T
cells as had been reported for TACI {von Bllow and Bram,
ibid.].

The present invention also provides
polynuclestide molecnles, including DNA and RNA molecules,
that encode the BR43x2 pclypeptides disclosed herein.
Those skilled in the art wil} readily recognize that, in
view of the degeneracy 5f the genetic code, considerabkle
sequence varlation is possible among these polynucleotide
molecules. SEQ ID RO:9 is a degenérate DHA seguence that
encompasses all DNAs that encodes the soluble BR43x2
polypeptide of SEQ ID NO:4. Similarly, SEQ IP NO:10 is 2
degenerate DNA sequence that encompasses all DdAs that
encode the BR43x2 polypeptide of SEQ ID RBO:2. Those
skilled in the art will :ecognizé ‘that the degenerate
sequence of SEQ ID NO:10 also provides_all RNA sequences
encoding SEQ ID NO:4 by -substituting U for T.  Thus,
BR43xZ pelypeptide-encoding polynucleotides comprising
nucleotide 1 to nucleotide 360 of SEQ ID NO:3, nucleotide
1 to 741 of SEQ ID ND:10 and their RNA eguivalents are
contempliated by the present invention. Table 1 sets forth
the one~letter codes used within 5EQ ID ROs:§ ana 10 to
denote degeperate nucleotide positions. ™Resolutions” are
the nucleotides denoted by a code letter. “Complement”




BEELOTO" ©E ot bl

15

indicates the code for the complementary nucleotideis).
For example, the code Y denotes either C or T, and its
complement R depotes B or &, A being complementary teo T,
and G being complementary to C. '




TABLE 1

Bucleotide Resolution Complement Resolution

A A T T

c c G &

G G C c

T T A A

R ALG be CIT

g Y cit R AlG

' ;.:!’ M alc K GIT

& K GiT M Alc

‘:3 5 cl6 5 16

W ¥ AT ] AIT
;J B AlCIT b RIGIT
= B CIGIT v AjCiG
E} v AICIG B CIGIT
O )] ALGIT H A{CIT
‘fg i AICIGIT N RICIGIT

The degenerate codons used in SEQ ID NOs:9 and
5 10, encompassing 21l possible codons for a given amine
acid, are set forth in Table 2.
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TABLE 2
One

Amino  Letter Codons Degenerate
Acid Code . Codon
Cys C _TGC TGT TGY
Ser 3 AGC AGT TCh TCC TCG TLT WSN
Thr T ACA ACC ACG ACT ACH
Pro P CCA CCC CCG CCT CCH
Ala . GCA GCC GCG GCT GCN
Gly G GGA GGC GGG GGT GGN
Asn R AAC ART ARY
Asp 2] GAC GAT GARY
Glu E GAA GAG . GRR
Gln Q CAA CAG CARR
fiis H CAC CAT ChaY
Arg R AGA AGG CGA CGC CGG CGT HGN
Lys K AAA ARG AAR
Mat H ATG ATG
Ile 1 ATA AYTC ATT ATH
Leu L CTh CTC CTG CTT TTA TTG YTR
Val v BTA GTC GTG GIT GTR
Phe F TIC TIT TTY
Tyr Y TAC TAT TAY
Trp W TGG TGG
Ter . TAR TAG TGA TRR

bLsnlasp B RAY

GluiGln Z SAR
Any X NEN




10

15

20

25

30

35

i8

One of ordinary skill in the art will appreciate
that some embiguity is introduced in determining a
degenerate codon, representative of all possible codons
encoding each amino acid.  For example, the degenérate
codon for serine {WSN) can, in some circumstances, encode
arginine [(AGR}, and the degenerate codon for arginine
{MGN} can, in some circumstances,'encade serine (AGY). A
similar relationship exists between codons encoding
phenylalanine and’ leucine. Thus, some polynucleotides
encompasged- by the degenerate seguence may encode variant-
amino acid sequences, but one of ordinary skill in the art
can easily identify such variant sequences by reference to
the amidc acid sequences of SEQ ID NOs:2 and 4. Variant
sequences c¢an be readily tested for Cfunctionality as
described herein.

One of ordinary ski}l in the art will ;150
appreciate that different species can exhibit
npreferential codon usage.” In general, see, Grantham, et
al., Huc. Aclds Res. £:1893~912, 1589; Haas, et al. Curr.
Biol. B:315-24, 1996; Wain-Hobson, et al., Gene 13:355-64,
1981; Grosjean and Fiers, Gene 1B8:159-20%, 19982; Holm,
Nuc. Acids Res. 14:3075-87, 1986; Ikemura, J. Mol. Biol.-
158:573-97, 1982, As used herein, the term “preferential
codan usage” or “preferential codons” is a term of art
reférring te protein translation cedens that are most
freguently used in cells of a certain species, thus
favoring one or a few representatives of the possible
codons enceding each aminoe acid {See Table 2}. - For
example, the amino acid threoninz (Thr) may be encoded by
ACA, ACC, ACE, or ACT, but in mammalian cells ACC is the
most commonly used codon; in other species, for example,
insect cells, yeast, viruses or bacteria, different Thr
codons may be preferential. Preferential codons for a
particular sbecies can be introduced  into the
polyhucleotidas of the present invention.by a variety cof
methods known in the art. Introduction of preferential
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codon  soguoncos into recombinant DNRA can, for example,
enhance production o©of the protein by making protein
translation more efficient within a particwlar cell type

. or species. Therefore, the degenerate codon seguences

disclosed in SEQ ID NOs:9 and 10 serve as a template for
optimizing expression of polynucleotides in various cell
types and species commonly used in the art and disclosed
herein. Sequences containing preferential codons can be
tested and ophimized for expression in various species,
and tested for functionality as disclosed herein.

The highly conserved amino acids im  the
cysteine-rich pseudo-repeat of BR43x2 can be used as a
tool te identify new fanily members. For instance,
reverse transcription-polymerases chain reaction {RT-~PCR]
can be uwsed to amplify sequences encoding  the
extracellular ligand-bindirg domain, described above, from
RMA obtained from a variety of tissue sources or cell
lines. In particular, highly degenerate primers designed
from the BR43x2 sequences are useful for this purpose.

Within preferred embodiments of the invention,
isolated polynucleotides will hybridize to similar sized
regions of SEQ ID NO:3, or to a seguencé complementary
thereto, under stringent conditions. In general,
stringent conditions are selected to be about 5°C lower
than the thermal melting point (¥} for the specific
sequence At a defined ionic strength and pH. The Tp is
the temperature (under definad ionie strength and pH)} at
which 50% of the target sequence hybridizes to a perfectly
matched probe., Typical stringent conditions are those in
which the salt concentration is up to about ¢.03 M at pH 7
and the temperature is at least about &0°C.

hs previously noted, the isolated
pelynucleotides of the present invention include DNA and
RRA. Methods for isolating DNA and RNA are well known in
the art. It is generally preferred to isolate RNA from
REMI 1788 ceils, PBMNCs, resting or activated transfected
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8 oells or Lopsil tissue, although ODRAL can also be
prepared using RNA From other tissues or Aisolated as
genomic DNA. Total RNA can be prepared using guanidine
BCl extraction followed by i{solation by centrifugation in
a ©sCl gradient (Chirgwin et al., Biochemistry 1B:52-94,
1979). Poly (R})* RWA is prepared from total RNA using the
method of Aviv and Leder (Proc. Natl. Acad, Sci. 0USA
69:1408-12, 1872). Complementary DNR (cDNA) is prepared
from polyla}t RNA using known methods. Polynucleotides
sncoding BR43x2 polypeprides are then identified and
isolated by, for example, hybridization o PCR.

Those skilled in the art will recognize that the
seguences disclosed in SEQ ID NOos:1 and 3 represent a
single allele of the human gene, and, that allelic
variation and alternative splicing lis expected to oacour.
Allelic wariants of the DNA segquences shown in SEQ ID
NOs:1 and 3, including those containing silent mutations

_and those in which mubations result in amino acid sequence

changes, are within the scope of the present invention, as
are proteins which are allelic variants of SEQ ID ROs:2
and 4. Allelic variants and splice variants of these
sequences c¢an be cloned by probing cONA or genomic
libraries from different individuals ox tissues according

to standard procedures known in the art.
the present invention also provides isolated

BR43x2 polypeptides that are substactially homologous to
the polypeptides of SEQ ID N0s:2 and 4 and their species
ortholegs. The temm ngubstantially homelogous™ is used
herein to denote polypeptides hawing 504, preferably 60%,
more preferably at least B0%, seguence identity to the
sequences shown in SEQ ID HOs:2 and 4 or their orthologs.
Such polypeptides wiil mere preferably be at least 50%
jdentical, and most preferably 35% or more identical to
SEQ ID ND:2 or its orthologs. . Percent seguence identity
is determined by conventional methods. See, for example,
Altschul et al., Bull. Math. Bio, 4B: §03-65, 19386 and
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Henikoff and Henikeff, Proc, Watl, Acad, Sci. USA
B83:300815-3, 15%2. Briefly, two amino acid sequences are

allgned to optimize the alignment scores using a gap
opening penalty of 10, a gap extension penalty of 1, and
the "blosum 62" scoring mstrix of Henikoff and Henikoff
{ibid.} as shown in Table 3 (amino acids are indicated by
the standard one-letter codes). The percent identity is
then calculated as:

Total number of identical matches .
x 100

{length of the longer segquence plus the
number of gaps introduced into the longer
sequence in order to align the two sequences)
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sequence identity of polynucleotide molecules is
determined by similar metbods using » ratio as disclesed

above.

Substantially homologous proteins and
polypeptides are characterized as having one or more
amine acid substitutions, deletions or additions. These
chenges are preferably of a minor npature, that is
conservative amino acid sobstitations (see Table 4) and
other svbstitutions that do not significantly affect the
folding or ezectivity of the protein or polypeptide; small
deletions, typically of one to about 30 amipo acids; and
small aminc- or carbexyl-terminal extensions, -such as an
aminc-terminal methionine residue, a small linker peptide
of up to about 20-25 residues, or an affinity tay.
Polypeptides comprising affinity tags can further
comprise a proteolytic cleavage site between the BR43x2
polypeptide and the affinity tag. Preferred such sites
include thrombin cleavage sites and factor Xa cleavage
sites.
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Table 4

Conseyvative amlno acid substituticns

Basic: arginine
lysine
histidine

Rcidic: glutamic acid
aspartic acid

Polar: glutamine
asparagine

Rydrophobic:  leucine
isolencine
valine

Aromatic: _ phenylalanine
tryptophan
tyrosine

Small: glycine
alarine
serine
threcnine
methionine

In additien to the 20 standard amiro acids,
non-standard amino acids (such as 4-hydroxyproline, 6-N-
methyl lysine, 2-aminoisobutyric acid, isovaline and a-
methyl serine} may be substituted for amino scid residues
of BR43x? polypeptides of the present invention. A
limited number of non~conservative amino acids, amine
acids that are not. encoded by the genetic code, and
unnatural amino acids may be substituted for BR4Ix2
polypeptide amino acid residues. The ptoteins of the
preseht invention can also comprise non-nstorally

occurring amino acid residues.
Non-naturally occurring amine acids include,

without Llimitation, trans-3-methylproline, 2,4-methano-
proline, c15~4~hydroxyproline, trans-4-hydroxy-proline,
N~methylglycine, allo-threonine, _methylthreonine,
hydroxy-asthyleysteine, hydroxyethyl—hcmocysteipe,
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nitroglutamine, homoglutamine, pipecolic acid, tert-
leucine, norvaline, 2-azaphenylalapine, I-aza-
phenylalanine, 4-azaphenyl-alanine, and §-flucro-
phenylalanine. Several methods dre known in the art for
incorporating non-naturally occurring amino acid residues
inte proteins. For example, an in vitro system can be
employed wherein nonsense mutations are suppressed using
chemically am;i.neacylated suppressor tRNAs. Methods for
synthesizing amino acids and aminocacylating ERNA are
known in the =art. Transcription and translation of
plasmids containing nonsense mutations is carried out in
a cell free system comprising an E. coli 530 extract lanci
commerclally available enzymes and other reagents.

Proteins are purified by chromatography. See, for

example, Robertson et al., J, Am. Chem. Sog. 113:2722,

1951; Ellmar et al., Methods Enzymol. 202:30%, 1891;
Chung et al., Science 259:806-5, 19%3; and Chung et al.,
Proc. Natl. acad. Sci. USA 20:10145-9, 18%3). In a
second method, translation is carried out in Xenopus

cecytes by micreinjection of mutated mRNA &nd chemically
aminoatylated, suppressor tRNAs (Turcatti et al., J. Biol.
Chem. 271:15931-8, 1996). Within a third methed, E. coli
cells are cultured in the absence of a natural amino acid
that is to be replaced {e.g., phenylalanine) and in 'the
presence of the desired non-matnrally occurring amino
aclid{sl {e.qg., 'Zﬂazaphenylalanine,‘ J-azaphenylalanine, 4-
azaphenylalanine, or 4{-fluworophenylalanine). The non-
naturally occurring amino acid is incorporated inte the
protein in place of its natural counterpart. See, Koide
et al., Biochem. 33:;7470-6, 1994. Naturally occurring
amino acid residues can be cepverted to non-naturally
occurring species by in vitro chemical modificatien.

Chemical modification can be combined with site-dicected
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mutagenesis to further expand the range of substitutions
{(wynn and Richards, Protein Sci. 2:385-103, 1983).

A limited number of non-conservative amine
acids, amino acids that are not entoded by the genetic
code, non-haturally occurring aminc acids, and upnatural
amino acids may be substituted fox BR43x2 amino acid
residues.

Essential amino acids in the BR43x2
polypeptides of the present invention can be identified
according to procedutes known in the art, such as site-
diracted mutagenesis or alanine-scanning mutagenesis
{Cunningham and Wells, Science Z244: 10981-5, 1989).
Single alanine mutations are introduced at every residue
in the molecule, and the resultant mutant molecules are
tested for binlogir:a'l activity f{e.g., providing 3
decrease in B cell response during the immpne response,
inhibition ox decrease in autoantibody productiocn] to
identify amino acid resldues that are critical to the
activity of the molecule. See also, Hilton et al., o,
Biol. Chem. 271:4693-708, 133%. gites of biological
interaction, ligand binding portions such as the
cysteine~rich psendo-repeats, can also be determined Dby
physical analysis of structure, as determined by ‘such
technigues as nuclear magnetic resonafice,
crystallography, electron diffraction or photoaffinity
labeling, 4in cenjunckion with mutation of putative
contact site amino agids. See, for example, de Vos et
al., Science 255:306-1Z, 1992; Smith et al., J, Hold.
piol. 224:B39-504, 19927 Wlodaver et al., FEBS TLett.
309:55-64, 1892. The identities of essential amino adids
can also be inferred from analysis of homologies with

related TNER family members such as TACI and BCMA.
Additional amino acid substitutions can be made

within the cysteine-rich pseudo-repeat of BR43x2 so long
as the conserved cysteine, aspartic acid and . lencine
residues are retained and the higher order structure’ is
not disturbed. it is preferred to make substitutions
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within the cysteine-rich pseudo-repeat of BR43x2 by
reference t3 the sequenses of other cysteine-~rich pseudo-
repeats. SEQ ID NO:E is a generalized cysteine-zich
pseudo-repeat that shows allowable  amino acid
substitutions based on such an alignment. Substitutions
with in this demain arz subject to the limitations set
forth herein.

Multiple amino acid substitutions can be made
and tested using known methods of mutagenesis and
sereening, such as those disclosed by Reldhaar-Olson and
Sawer (Science 24%:53~7, 19B8) or Eowie and Saver {Proc.
Natl. Acad. Sci. USA B6:2152-6, 1985). Briefly, these

authors discleose methods for simultanecwsly randemizing

two or more positions in a polypeptide, selecting for
functional — polypeptide, and then  seguentzing the
mutagenized polypeptides to determine the spectrum of
allowable substitutions at each positien. Other meth-ocs.%
that can be used Include phage display {e.g., Lowman et
al., Biochem. 30:10832-7, 1991; Ladner et al., U.5,
Patent No. 5,223, 409; Muse, WIPD Publication WO %2/06204)
and region~dirscted mutagenesis (Derbyshire et ak., Gene
46:145, 19886; Ner et al., DNA 7:127, 1288}, .
variants of the disclosed BR43x2 DNR and
polypeptide sequences can be generated through DRA
shuffling as disclosed by Stemmer, Nature 3703:389-31,
1994, Stemmer, Proc, Batl. Acad. Sei, USA 391:10747-5%,

" 1994 and @IPO Publication WO 97/20078. Briefly, variant

DNRs are generated by inp vitro homologous recombination
by random fragmentation of a parent DNA fellowed by
reassembly using PCR, resulting in randomly introduced
point mutations. This technigue can be medified by using
a family of parent DNAs, such a3 allelic variants or DNAs
from different species, te  introduce additional
variability into the process. Selection or screening for

the desired activity, followed by additional 1lterations
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of mutagenesls and asszy provides for xapid “evplution”
of sceguences by sglecting for desirable mwotations while
simultaneously selecting against detrimental changes.
Hutagenesis methods as disclosed above can be
combined with high-throughput,  autcmated screening
methods to detect activity of cloned, mutagenized
polypeptides in host ecells. Mutagenized DNA molecules
that encods active polypeptides [e.g., providing a
decrease in B cell response during the immune response,
inhibition or decrease in aptoantibody production] can be
recoversd from the hest cells and rapidly sequenced using
modern egquipment. these methods allow the rapid
determination of the importance of individsal amino acid
residpes in a pelypeptide of interest, and can be applied

to polypeptides of unkmown structure.

Using the metheods discussed above, one ' of
ordinary skill in the art can identify and/ox prepare a
variety of polypeptides that are substantially homologous
to residues } to 120 of SEQ ID BO:2 or allelic wvariants
thereof and retain the B cell suppression propexrties of
the wild-type protein. Such polypeptides may include
additional amine acids or demains frem other members of
the tumor neécrosis factor receptor superfamily, affinity
tags ox the like. BH43x2 polypeptide or fusion
constructs, containing functional domains of other
menmbers of the THFR sﬁperfamily, constitnte hybrid tumor
necrosis factor receptors exhibiting modified B cell
suppressich capabilities.

The present invention further  provides
counterpart receptors and polynucleotides from other
species {orthologs). These species include, but are not
limited to mammallzn, avian, amphibian, reptile, fish,
insect and other vertebrate and jnyertebrate species. Of
particular interest are BR43x2 recepters from other
mapmalian species, including murine, porcine, ovine,
bovine, canine, feline, equine, and other primate
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receptors. Orthologs of the human BR43x2 recepter can be
cloned using information and compesitlions provided by the
present invention in combination with conventional
cloning technigoes. For example, a cDNA can be cloned
using mRNMA obtained from a tissue or cell type that
expresses che.receptot. Suitable sources of mRNA can be
identified by probing Northern blots with probes designed
from the sequences disclesed herein. A library is then
prepared from mRNA of a positive tissue or cell line. A
receptor-encoding cDHA can then be isolated by a varlety
of methods, such as by probing with a complete or partial
human ¢DNA or with one or more sets of degenerate probes
based on the disclesed seguence, A cDNA can_ alse be
cioned using BCR, wuwsing primers designed from the
seguences disclosed herein. Within an additional method,
the cDNA library can be used to transform or transfect
host cells, and expression of the cDNR of interest can be
detected with an antibody to the receptor. Similar
technigques can also be applied to the isolation of
gencmic clones. -

The receptor polypeptides of the present
invention, including full-length receptor polypeptides,
soluble .receptors polypeptides, polypeptide fragments,
and fusion polypeptides, can be produced in genetically
engineexed  host cells according to  convenptional
techniques. Suitable host cells are those cell types
that can be transformed or transfected with exogenons DNA
and grown in culture, and include bacteria, fungal cells,
and cultored higher eukaryotic cells. Eukaryotic cells,
particularly cultured cells of muolticellular organisms,
are preferred. Technigues for manipulating cloned DNA
molecules and introducing exogenous DNA into a variety of
host cells are disclosed by Sambreook et al., Molecular
Cloning: A Laboratory Manual, Second Edition, Cold Spfing
Harbor, MNY, 198%; and Ausubel et al., eds., Current
Protocels in Molecular Biology, John Riley and Sons,
Inc., WY, 1587,




10

is

20

25

30

35

30

In general, a DNA seguence encoding 2 BR43x2
polypeptide is operably tinked to other genetic elements
required for its expression, generally ineluding a
transcription promoter  and terminater, within an
expression vector., The vector will alse commonly contain
ohe or more selectable markers and one or more origing of
replicatibn, although those skilled in the art will
recognize that within certain systems selectable markers
may be provided on separate vectors;'and replication of
the exogehous DHA may be provided by integraticm into the
host cell genome. Selection of promoters, tepminators,
selectable markers, vectors and other ‘elements is a
matter of routine design within the level of ordinary
skill in thé art. Hany such elements are described: in
the litersture and are available through commercial
suppliers.

7o direct a BR43x2Z polypeptide into the
secretory pathway of a hest cell, a secretory signal
séquence {also known as a signal sequence, leader
seguence, prepro sequence Or pre sequence} is provided in
the expression vector. The secretory signal sequence fmay
be that of the BR43x2 peolypeptide, or may be derived from
another secreted protein {e.g., t-PA} or synthesized de
novg. The secretory sigral sequence is Jjoined to the
BR43x2 DNA seguence in the correct reading fz.‘ame and
positioned to direct the mnewly synthesized polypeptide
into the secretory pathway of the host cell. Secretory
signal sequences are comnonly poritionsd -5' to the DRA
sequence encoding the polypeptide of intersst, although
certaip signal sequences may be positiecned elsewhere in
the PNA sequence of interest {see, e.g., Welch et al.,
U.S. Patent No. 5,837,743; Holland et al., U.5. Palent
Bo. 5,143,830},

Caltured marmalian cells are suitable hosts
within the present invention. Methods for introducing
exogenous DNA into mammalian host cells include calcium
phosphate-mediated transfection (Wigler et al., GCell
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14:725, 197B; Corsaro and Pearson, Somatic Cell Genetics
7:603, 1981; Grabam and Van der Bb, Virology 32:458,
1873}, electroporation (Neumann et al., EMBO J. 1:841-45,
1882), DEAE~-dextran mediated transfection {Ausubel et
al., ibid.}, and liposome-medizted transfection {Hawley-

Belson et al., Fpcus 15:73, 1833; Ciccarone et al., Focus
15:80, 1993). The production of recombinant polypeptides
in guoltored mermalian cells is disclosed, for example, by
Levinson et al., U.5. Patent Wo. 4,713,333; Hegen et al.,
0.5, Patent No. 4,7B4,350; Palmiter et al., U.5. Patent
No. 4,579,B21; and Ringold, U.S5. Pateat HNo. 4,656,134.
Suitable cultured mammalian cells include the CDS-1 {ATCC
Wo. CRL 1650), €O0S-7 (ATCC No. CRL 1651), BHK (ATCC No.
CRL 1632}, BHK 570 (ATCC No. CRL 10314}, 233 (ATCC No.
CRL 1573:; Graham et al., J. Gen. Vizol. 36:58-72, 1877},
Jurkat {ATCC No. CRL-8129}, BaF3l {an interlieukin-3
dependent pre-lymphoid cell line derived from murine bone
marrow. See, Palacios and Steinmetz, Cell 41: 727-34,
1885; Mathey-Prevot et al., Mol. Cell. Biel. &: 4133-5,
1988) and Chipese hamster ovary {e.g., CHO-KI; ATCC No.
CCL 61) cell lines. RAdditional sultable cell lines are
known in the art and avallable from public depositories
such as the Americen Type Culture Collection, Rockville,
Maryland. In general, strong transcription promoters are
preferred, such as promoters from S5V-40 or
cytomegalovires. See, e.g¢., U.5. Patent Ho. 4,356,288,
Other suitable promoters include those from
metallothionein genes {U.5. Patent Nos. 4,579,821 and
4,601,578 and the adenovirus major late promoter.

Druag selection is generally used to select .for
cultured mammalian cells into which foreign DNA has been
inserted. Such cells are comﬁon}.y referred to as
"transfectants”. Cells that have been cultured in the
presence of the selective agent and are able to pass the
gene of interest to their progeny are referred to as
"stable transfectants.” A preferred selectable marker is
a gene encoding resistance to the antibiotic neomycin.
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Selection is carried out in the presence of a neomycin-
type drug, such as G-418 or the like. Selection systems
may alse be used teo increase the expression level of the
gene of  interest, a process referred te  as
"amplification.” amplification is carried ouwt by
culturing transfectants in the presence of a low level of
the selective agent and then increasing the amount of
selective agent to select for cells that produce high
levels of the producks ‘of the  introduced genes. A
preferred amplifiable selectable marker is dihydrofolate
reductase, which confers resistance to methotrexate.
Orher druy resistance genes f{e.g., hygromycln resistance,
multi-drug resistance, puremycin acetyltransferase) can
also be used. Riternative markers that introduce an
altered phenotype, such as green fluorescent protein, or
cell surface proteins such as Cb4, CP3, Class I MHC,
placental alkaline phosphatase 'm.ay be used to sort
transfected cells from untransfected cells by such means

as FACS sorting or magnetlc bead separation technolegy.
other higher eukaryotic cells cap also be used

as hosts, including plant cells, insect cells and avian
cells. The use of Agrobacterium rhizogenes as a vector
for expressing genes in plant cells has been zeviewec-i- by
sinkar et al., J. Biosci. {Bangalore} 11:47-58, 18B7.

Transfornation of insect cells and production of foreign
polypeptides therein is disclosed by Guarino et al., U.5.
patent Ho. 5,162,222 and WIPO publication WO 84/06463.
Insect cells can be infected wWith  recombinant
baculovirus, comronly derived from Autegrapha califernica
nuelear polyhedrosis virus [RCNEV). See, King and
Possee, The Baculovirus Expression System: A Laboratory
Guide, London, Chapman & Hall; O'Reilly et al.,

Baculovirus Expression Vectors: A Laboratoxy Manual, New

York, Oxford University Press., 1994; and Richardson,

Ed., Bacnlovirus Expression  Protocols, Methods  in

Molecular Blelogy, Totowa, NJ, Humana Press, 1985, -8
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second method of making recombinant BR43x2 baculovirus
uwtilizes a Lraasposon-based system deserlbed by Luckow
{buckow, et al., J Virol §7:4566-79, 1893}, ’I‘l:xis system,
vhich utilizes transfer wvecters, is sold in the Bac-to-
Bag™ kit {(Life Technologies, Rockville, Hb}. This system
utilizes a transfer vector, pFastBaci™ {Life
Technologies) containing a Tn7 transposon to move the DNA
encoding the BR43x2 polypeptide inte a baculovirus genome
maintained in E. cell as a large plasmid called a
“hacmid.” See, Hill-Perkins and Possee, J. Gen. Virol.
71:971-6, 135%0; Bonning, et al., J. Gen. Virol. 75:1351-
6, 1984; and, Chazenbalk, and Rapopert, J. Biol. Chem.
270:1543-9, 1355, In addition, transfer vectors can

"include ap in~frame fusion with DNA encoding an epitope

tag at the C- or HN-termimns of the expressed BR43x2
polypeptide, for example, a Glu-Glu wepitope tag
{Grussenmeyer et al., Proc. Watl. Acad. Sci., B2:7852-4,

19B85). Using a technique known In the art, a transfer
vector containing BR43x2 is transformed ipto E. coli, and
screened for bacmids which contain an interrupted laclk
gene indicative of recombinant baculovirus. The bacmid
DNA containing the recombinant baculovirus genome is
isolated, using common techniques, apd used to transfect
Spodoptera frugiperda cells, e.g. Sf2% cells. Recombinant
virus that expresses BR43x2 is subsegquently produced.
Recombinant viral stocks are made by methods commonly
used the art.

The recombinmant virus is used ko infect host
cells, typically a cell line derived from the fall
armyworm, Spodoptera frugiperdz. See, in geperal, Glick
and Pasternak, HMolecular Bictechnology: Principles and
Applications of Recombipant DRA, ASM Press, Washington,
D.C., 1894, Another suitable cell line is the High

FiveD™ ceil line {Invitrogen) derived from Trichoplusia
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'ni ([U.S. Patent $5,300,435).  Commercially available

serum-free media are used to grow and maintain the cells.
Suitable media are S5£900 II™ (Life Technologies} ox ESF
523™ (Expression Systems} for the Sf3 cells; and Ex-
cellod40s™ (JRH Biosciences, Lenexa, KS) or Express FiveO™
{i.ife Technologies} for the 7. ai cells. The cells are
grown up from an inoculation density of approximately 2-5
x 10° cells to a density of 1-2 x 10° cells at which time
a recombinant viral stock is added at. a multiplicity of
infection (MOI} of 0.1 to 10, more typically near 3.
Procedurss used are generally described in available
lsboratory manuals (King and Possee, jbid.; O'Reilly,’ et
al., ibid.: Richardsen, ibid.}. Subseguent purification
of the BR43x2? polypeptide frem the supernatant can be
achieved using methods described herein.

Fungal cells, including yeast cells, can also
be used within the present invention. Yeast specles_ of
particular interest in this regard include Saccharomyces
cerevisiae, PFichia pasteris, and Pichia nethanolica.
Metheds for transforming S. cerevisiae cells with
exogenous DNA and produeing recombinant polypeptides
therefrom are disclosed by, for example, Kawasaki, U.5.
Patent No. 4,599%,311; FKawasaki et al., U.S. Patent Y¥o.
4,931,373; Brake, U.S. Patent Ho. 4,B70,008; Welch et
al., U.8. Patent No. 5,037,743; and Murray et al., U.5.
Patent No. 4,B45,075. Transformed cells are selected by
phenotype determined by the selectable marker, commonly
drug resistance or the ability to grow in the absence of
a particular nutrient ({e.g., leucine}. A preferred
vector system for wse im Saccharomyces cerevisize is the
POTI vector system disclosed by Kawasaki et al. {U.5.
Patent No. 4,931,373}, which allows transformed cells to
be selected by growth in glucpse-containing media.

Suitable promoters and terminators for use in yeast
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include those from glycolytic enzyme genes (see, e.4.,
Kawasaki, U.&. Patent No, 4,599,.311; Kingsman et al.,
0.5. Patent Wo. 4,615,974; and Bitter, U.5. Patent HNo.
4,577,092) and alcohol debydrogenase genes. See also
0.S. Pateats Nos. 4,990,446; 5,063;154; 5,139,536 ‘and
4,681,454, Transformation systems for other yeasts,
inciluding  Hansenula  polymorpha, Schizosaccharomyces
pombe, Kluyveromyces lactis, Kluyveromyces fragilis,
Ustilago maydis, Pichia pastoris, Pichia methanolica,
Pichia guillermondii and Candida paltosa are known in the
art, S5ee, for example, Gleeson et al., J. Gen.
Microbiol. 132:3459-65, 1886 and Cregg, U.5. Patent No.
§,882,2753. Aspergilius cells may be utilized according
to the methods of MeKnight et al., U.5. Pat:.ent Ho.
4,835,349, Methods for transforming Acremoniwn
chrysogenuzn are disclosed by Suminc et al., U.5. Patent
No. 5,162,228B. tethods feor transforming Neurospora are
disclosed by Lembowitz, 0.5, Patent NHo. 4,486,533,

For example, the use of Pichia methanolica B.s
host for the prodoction of recombinant proteins is
disclosed by Raymond, U.S. Patent No. 5,716,808, Raymond,
U.S. Patent No. 5,736,383, Raymond et al., Yeast 14:11-
23, 1598, and in international publication Nos. WO
97/17450, WO 87/17451, WO 98/02536, and WO 9B/02565. DNA
molecules for use in transforming P. methanolica will
commonly be prepared as double-stranded, esircular
plasmids, which are preferably linearized prior - to
transformation. For polypeptide production in »p,
methanolliea, it s preferred that the promoter and
terminator in the plasmid be that of a P. methanolica
gene, such as a P. methanolica alecchol utilization gene
{AUS]1 or AUGZ}. Other useful promoters include theose of
the dihydroxyacetone synthase {DHAS}, formate
dehydrogenase (EMD}, and catalase (CAT}) ogenes. To
facilitate integratien of the DNA into the host
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chromosome, it is preferred to have the entire expression
segment ¢f tho plasmid £lanked a2t hoth ends by host DNA
sequences. A preferred selectable marker for use in
Pichia methanolica is a P. methanolica ADEZ gene, which
encodes phosphoribosyl-S-aminoimidazole carboxylase
[AIRC; EC 4.1.1.21}, which allows ade? host cells to grow
in the absence of adenine. For large-scale, ipdustrial
processes where it is desirable to minimize the use of
methanol, it is preferred to use host cells in which beth
methanel utilization genes [ADG! and ADGZ) are deleted.
For production of secreted proteins, host cells deficient
in vacuolar protease genes (PEP4 and PRE1} are preferred.
Electroporation is used to facilitats the introduction of
s plasmid containing pHA encoding a polypeptide of
interest inte P. methanolica cells. It 1s preferred to
trensform P, methanolica cells by electroporation using
an exponentially decaying, pulsed eiectrig field having a
field strength of from 2.5 to 4.5 kV/cm, preferably about
3.75 k¥/cm, and a time constant (t) of from 1 to 40
millisaconds, most preferably about 20 miliiseconds.
Prokaryotic hos&; cells, including strains of
the bacteria Escherichia celi, Bacillps and other genera

“are also usaful host cells within the present inveantion.

Technigues for transforming these hosts and expressing
foreign DNA seguences cloned therein are well Xnown in
the art {see, e.g., Sambrook et al., ibid.}. When
expressing a BR43x2 polypeptide i_n bacteria such as E.
coli, the polypeptide may be retained in the cytoplasm,
typically as insoluble grapules, or may be directed to
the peripiasmic space by a bacterial secretion seguence.
In the former case, the cells are lysed, and the granulea
are recovered and denatured using, for example, guanidine
isothiocyanate or uarsa. The denatured polypeptide ‘can
then be refolded and dimerized by diluting the
denaturant, such as by dialysis =against a solutien af
urea and a combipation of reduced and oxidized
glutathione, followed by dialysis against a buffered
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saline solution. Io the latter case, the polypeptide can
ha recovered from the periplasmic space in a soluble and
functiona) form by disrupting the cells (by, for example,
sonication or osmotlc shock) to release the contents of.
the periplasmic space and recovering the protein, thereby
obviating the need for denaturation and refolding.

Transformed or transfected host cells are
cultured according to conventional procedures in a
culture medium containing nutrients and other components
required for the growth of the chosen host cells. A
variety of suitable media, includipng defined media and
complex media, are known in the art and generally include
a carbon source, a nigtrogen source, essential anino
acids, vitamins and minerals. Media may alsc contain
such componénts as growth factors or serum, as reguired.
The growth mediuvm will generally select for celis
containing the exogenocusly added DNA by, for example,
drug selection or deficiency in ar essential nutrient
which is complemented by the selectable marker carried on
the expression vector or co-transfected inte the host
cell. P. methanclica cells are cultured in a medium
comprising adeguate sources of carbon, nitrogen and trace
nutrients at a temperature of about 25°C to 35°C. Liguid
culturss are provided with sufficient aeratioa by
conventional means, such as shaking of small flasks or
sparging of fermentors. A preferred culture medium for
P. metbanolica is YEPD (2% D-glucose, 2% Bacte™ Peptone
{Bifece Laboratories, Petrolt, MI), 1% Bacto™ yeast -
extract {Difce laboratories}, 0.004% adenine and 0.006%
L~leucine}.

Expressed reccmbinant BR43x2 polypeptides .{Dr
chimeric or fusion BR43x2 polypeptides) can be purified
using fractionation and/or conventional purification
methods .apd media. It is preferred to provide the
proteins or polypeptides of the present javention in a
highly purified form, i.e. greater than 95% pure, more
preferably greater than 9% puze. Ammonium sulfate
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precipitation and acid or chaotrope extraction may be
used for fractionation of - samples. Exemplary
purification’ steps may include hydroxyapatite, size
exclusion, FPLC and reverse-phase high performance liquid
chromatography. Suitable anion exchange media include
derivatized dextrans, agarose, tellulose, polyacrylamide,
specialty sjlicas, and the like. PEI, DERE, QAE and Q
derivatives are preferred, with DERE Fast-Flow Sephazose
{Pharmacia, Piscataway, NJ) being particularly preferred.
Exemplary chromatographic’ media include those media
derivatized with phenyl, butyl, or octyl groups, such as
Phenyl-Sepharese FF AtPharmacia), Toyopearl butyl 650
{Toso  Haas, Montgameryville, PR}, Ortyl-Sepharose
{Pharmacia} and the like; or polyascrylie resins, such a3
Amberchrom ©G 71 (Toso Haas) and the like.  Suitable
solid svpports include glass beads, silica~based resins,
eellulosic resins, agarose beads, cross-linked agarose
beads, polystyrene beads, cross-linked polyacrylamide
resins and the like that are insoluble under the
conditions in which they are to be used. These supports
may be modified with reactive groups that allow
attachment ©vf proteins by amino groups, carbexyl groups,
sulfhydryl groups, hydroxyl groups and/or carbohydrate
moieties. Examples of coupling chemistries inciude
cyanogen bromide activation, H-hydroxysuccinimide
activatrion, epoxide activation, sulfhydryl activation,
bydrazide activation, and carboxyl and amino derivatives
for carbodiimide coupling chemistries. These and other
solid media are well known and widely used in the art,
and are available from commercial suppliers. Methods for
binding receptor polypeptirdes to support media are well
known in the art. Selection of a particular method is a2
matter of. routine design and is determined in part by the
properties of the chosen suppoxt. See, for example,
affinity Chromatography: Principles g Methods, Pharmacia
LKB Biotechnology, YUppsala, Sweden, 158B.
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The polypeptides of the present inventiom can
be isolated by exploitation of their physical properties.
For example, imsobilized metal dion adsorption (IMAC)
chromatography can be used tfo purify histidine-rich
proteins including these comprising pelyhistidine tags.
Briefly, a gel is first charged with divalent metal ions
to form a chelate (Sulkowski, Trends in Biochem. 3:1-7,
1985). Histidine~rich proteins will be adsorbed to this
matrix with differing affinities, depending upon “the

metal Jon wused, and will be eluted by compstitive
elution, lowering the pH, or use of strong chelating
agents. Other methods of purification  include
purification of glycosylated proteins by lectin affinity
chromatography and don exchange chromztography {Methods
in Enzymol., Vol. 182, "Guide to Protein Purification”,
M. Deutscher, {ed.}, Bead. Press, Sapn Diege, 1930, pp.
525-39}. Within additional embodiments of the invention,
a fusion of the polypeptide of interest and an affinity
tag {e.g., maltose~binding protein, FLAG-tag (Asp Tyr Lys
Rap Asp Asp Asp Lys (SEQ ID WD:11)), Glu-Glu tag (Glu Glu
Tyr Het Pro Met Glu ({SEQ ID BO:12}), an immunoglobulln
domain) may be ctonstructed to facilitate purification.

Protein refolding (and optionally reoxidation}
procedures may be advantageously used, It is preferzed
to purify the protein to »>BO% purity, more preferably, to
»90% pority, even more preferably »>95%, and particularly
preferred is a phamacestically pure state, that is
greater than 89.9% pure with respect to contaminating
macremolecules, pazbticslarly other proteins and nucleic
acids, and free of infectious and pyrogenic agents.
Preferably, a purified protein is substantially free of
other proteilns, particularly other proteins of animal
origin.

BR43xZ polypeptides or fragments thereof may
alse be prepared through chemical synthesis. BR43x2
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polypeptides may be monomers or multimers; glycosylated
or non-glycosylated; pegylated or non-pegylated; and may
ar may not include anr initial methionine amino acid
residue. Exemplary BR43x2  polypeptides  include
polypeptides of from 32-40 reaidues in length having an
amino acid  segquence conforming to  the motif:
XXCX [GEK] [QEKNRDHS] [QB1®{0~

2] [YEW) {TFW])DXLLX {2} CIIMLYIXCX {3} CR{6-BICX{2) [TF}CXX
{SEQ ID ¥0:8), and subject to the limitations described
herein.

BR43x2 polypeptides can be synthesized Dby
exclusive solld phase synthesis, partial solid ’phaSe
methods, fragment condensation or classical soletion
synthesis. The peolypeptides are preferably prepared by
solid phase peptide synthesis, for example as described
by Merrifield, J. Am. ' Chem. Soc. B3:2145, 1863. The
synthesis 4is carried out with amino acids that are

protected at the alpha-amino terminus. Trifuncticnal
amino acids with labile side-chains are also protected
with suitable groups to prevent wondesired chemical
reactions from occurring during the assembly of the
polypebtides. The alpha-amino protecting group is
selectively removed to allow subsequent reaction to take
place at the amino-terminus. The conditions for ‘the
removal of the alpha-amino protecting group do not remove
the side-chain protecting groups.

The alpha-amine protecting groups are those
known to be wseful in the art of stepwise polypeptide
synthesis. Inciuvded a2re acyl type protecting groups
{e.g., formyl, trifluorpcacetyl, acetyl), aryl type
protecting groups {e.g.,  biotinyl}, aromatic urethane
type protecting growps [e.g., benzyloxycarbomyl (Cbz),
substitvted benzyloxycarbenyl and 5-
fluorenyimethyloxycarbonyl {Emoc}], aliphatic urethane
protecting groups le.g., t-butyloxycarbonyl (tBoci,
isopropyl-oxycarbonyl, cyclehexloxycarbonyll and afky}
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type protecting groups {e.g., benzyl, triphenylmethyl).
The preferred protacting groups zre tBos zad Pnoc.

The side-chain protecting groups selected must
remain intact during coupling and not be removed during
the deprotection of the amino-terminus protecting group
or during coupling conditions. The side-chain protecting
groups must alsc be removable upon the completion of
synthesis using reaction conditiens that will not alter
the finished polypeptide. 1Im tBoc cheristry, the side-
chain protecting groups for trifunctional amine acids are
nostly benzyl based. In Fmoc chemistry, Chey are mostly
tert-butyl or trityl based.

In tBoc chemlstry, the preferred side-chaln
protecting groups are tosyl for arginine, cyclohaxyl for
aspartic acid, 4-methylbenzyl {ard acetamidemethyl} for
cysteine, benzyl for glutamic acid, serine and threcnine,
benzyloxymethyl {and dinitrophenyl) for histidine, 2-CI-
benzyloxycarbonyl for lysine, formyl for tryptophan and

. ?-bromobenzyl for tyrosine. In Fmoc chemistry, the

preferred side-chain protecting groups are 2,2,5,7,8~
pentamethylchroman-6-sulfonyl {Pmc} or 2,2,4,6,7-penta~
rethyldihydrobenzofuran~5~sulfonyl (Pbf} for arginine,
txityl for as;}aragine, cysteine, glutamine and histidine,
tert~butyl for aspartic acid, glutemic acid, serine,
threonine and tyroesine, tHoec for lysine and tryptophan.
For the synthesis of phesphopeptides, either
direct or post-assembly incorporation of the phosphate
group is used. In the direct incorporation strategy, .the
phosphate group on serine, threonine or tyrosine may be
protected by nethyl, benzyl, or tert-butyl in Fmoc
chemlstry or by mwethyl, benzyl or phenyl in tBoc
chemistry. Direct Aincorporation of phosphotyrosine
without phosphate protection can also be used in Fmoc
chemistry. In the post-assembly incorporation strategy,
the unprotected hydroxyl groups of serine, threcnine or
tyrosine are derivatized on solid phase with di-tert-

" butyl-, dibenzyl~ or dimethyl-N,R'~diisopropyl-
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phosphoramidite and then oxidized by tert-butyihydro-
perexide.

Selid phase synthesis is usually carried ‘out
from the carboxyl-terminus by coupling” the alpha-amino
protected {side-chain protected} amine acid to a suitable
sclid suppork. an ester linkage is formed when the
attachment is made to a chloromethyl, chlorotrityl or
hydroxymethyl resin, and the resulting polypeptide will
have a free carboxyl grou;i at the C-terminus.
Alternatively, when an amide resin such as
benzhydrylamine or p-methylbenzhydrylamine resin {for
tBoc chemistry} and Rink amide or PAL resin {for Fmoc
chemistry) are used, an amide bond is formed and the
resulting polypeptide will have a carboxamide grovp at
the C-terminus. These resins, whether polystyrene-. or
pelyamide-based or polyethyleneglycol-grafted, with or
without a handle or linkex, with or withont the first
amino aeid attached, are commercizlly awvailable, and
their preparations have been described by Stewart et al.,
»351id Phase Peptide Synthesis™ {2nd Edition}, {(Plexce
Chemical Co., Rockford, IL, 15B4} and Bayer and Ra.pp,
Chem. Pept. Pxot. ;:3, 1B86; and Atherton et al., Solid
Phase Peptide Syathesis: A Practical Rpprcach,‘ IRL Press,
Oxford, 1988.

The C-terminal amino acid, protected at the
side chain if necessary, and at the alpha-amino group, is
attached to a hydroxylmethyl resin wesing various
activating agents including dicyclohexylcarbodiimide
{pce), N,R‘—diisopxcpylcarﬁodiimide {DIPCDX} and
carbonyldiinidazole [tp1). It can be attached to
chloromethyl or chiorotrityl xesin directly in its cesium
tetramethylammonivm salt form or 4in the presence  of
triethylamine (TEA) or diisopropylethylamine (DIEA).
First amino acid attachment %o an amide resin Is tha same
as amide bond formation dering coupling reactionms.

Following the attachment to the resin support,
the alpha-amino pzotecting group is remeved using various
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reagents depending on the protecting chemistry {e.g.,
tBoc, Fmec). The extant of Fmoc removal can be monitored
at- 300-320 nm or by a conductivity cell. After removal
of the alpha-amine protecking group, the remaining
protected amino aclds are cowpled stepwlise in  the
required order to obtain the desired sequence.

) Various activating agents can be used for the
coupling reactions including DCC, DIPCDY, 2-chloro-1,3-
dimethylimidium hexafluorophesphate (CIP), benzotriazol-
1-yl-oxy-tris-{dimethyl-amipo)~phosphonium hexafluoro-
phosphate {BOP} and its pyrrelidine analog (PyBOR),
promo~tris-pyrrolidino-phosphonium hexafluorophosphate
{ByBrOP}, O-{behzotriazol-1-yi)-1,%, 5,3~
tetramethyluronium hexafluorophosphate [HBTD) and its
tetra~fluorchorate analeg {TBTD0} or 1its pyrrolidine
analeg {HBEYU) , O~ {1-azabenzotriazol-1-yij~-1,1, 3,3~
tetramethyl-uronium hexafluoro-phosphate (HATO} and its
tetrafluoroborate analeg (TATU} or its pyrrolidine analog
{HRByl). The most cormmon catalytic additives used’ in
coupling reactions include 4~dimethylaminopyridine
{DMAP) , 3~-hydroxy-3, 4-dihydro-4-oxo~1,2, 3~
benzotriazine [HCDhbt}, ¥N-hydroxybenzotriazole {HOBt) and
1-hydroxy~7-azabenzotriazole (HOAt). ~ Each ‘protected
aminoe acid is used in excess {>2.0 eguivalents), and the
couplings are usually carzied out in N-methylpyrrolidone
(NMP} or in DMF, CH.Cl; or mixtures thereof. The extent
of completion of the coupling reaction can be monitored
at each 5tage, e.g., by the ninhydrin reaction as
described by Halser et al., Anal. Biochem. 34:595, 1570.

After the entire aséembly of the desired
peptide, the peptide~resin is cleaved with a reagent with
proper stavengers. The Pmoc peptides are wsually cleaved
and deprotected by TFA with scavengers (e.q., Hi0,
ethanedithicl, phenol and thiocanisole}. The tBoc
peptides are usually cleaved and deprotected with liquid
HF for 1-2 hpurs at -5 to 0° ¢, which cleaves the
pelypeptide fxom the zesin and removes most of the silde-
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chain. protecting groups. Scavengers such as aniscle,
dimethylsulfide and p-thiccresol are ‘usually used with
the 1liguid HF to prevent cations formed during the
cleavage from alkylating and acylating the amino acid
residues present in the polypeptide. The formyl group of
tryptophan and the dinitrophenyl group of histidine need
to be removed, respectively by piperidine and s:hinpheni*l
in DMF prior to the HF cleavage. The acetamideomethyl
group of cysteine ‘can be removed by mercury{lI)acetate
and alternat:.i,vely by iodine, thallium{IIL}
trifluoroacetate or silver tetrafluproboraté  witich
simultaneously oxidize cysteine to cystine. Otber strong

" acids used for tBoc peptide cleavage and deprotection

include trifluoremethanesulfonic acld {TFM¥5R) and
trimethylsilyl-trifluorocacetate {THMSOTL} .

The present investien further provides a
variety of other polypeptide fusions and related
multimeric proteins comprising one or moxe polypeptide
fuslons. A soluble BR43x2 polypeptide can be axpressed as
a fusion with an immunoglobulin heavy chain constant
region, typically am Fc £ragment, which contaiss two
constant region domains and lacks the variable region.
Methods for preparing such fusions are disclosed in U.S.
Patents Nes. 5,155,027 and 5,567,584, such funsions are
typically secreted as mltimeric molecules wherein the Fe
portions are disulfide bonded to each other and twe non-—
Ig polypeptides are arrayed in clese proximity to each
other. frounoglebulin-BR43x2 polypeptide fusions can he
expressed in genetically engineered calls to produce a
variety of multimeric BR&3x2 analogs. .Ruxiliary domains
can be fused to BR43x2 polypeptides to target them to
specific cells, tissues, or macromolecules., Fusions may
also be made using toxins as discussed herein. In this
way, polypeptides and proteins can be targeted for
therapeutic or diagnestic purposes. )\ ER43xi palypepiide
can be fused to two or more mojeties, such as an affinity
tag for purification and a targeting domain. E’olyi)eptide'
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fusions can also comprise one or more cleavage sites,
particularly between domains. See, Tuan et al., Connect.
Tiss. Res. 34:1-9, 1996. Fusions of this type can also
be used, for example, to affinity purify cognate lig‘and
from a selution, 25 an ia vitro assay tool, to block
signals in vitro by specifically titrating out ligand, to
bind ligand on the cell surface or as a BR43x2
antagenists in vivo by administering them to block ligand
stimulation. - For use in assays, the fusion proteins
may be bound to a support via the F» region and used. in
an ELISA format.

The invention also provides soluble BR43x2
receptors and polypeptide fragments used to form fusion
proteins with affinity tags ox labels. Soluble BR43Ix2-
affinity tag fusion proteins are used, for exanple, to
identify the BR43x2 ligands, as well as agonlsts and
antagonists of the natural ligand. Osing labeled,
scluble BR43x2, cells expressing the ligand, agopists or
antagonists are identified by fluorescence
immunocytometzry or immunchistochemistry. The soluble
fusion proteins are useful in stedying the distribution
of the ligand on tissues or specific cell lineages, and
to provide insight into receptor/ligand biology.

To porify ligand, agonists or antagonists, a
BR43x2-Ig fusion protein is added to a sample containing
the ligand, agonist or antagonist undsr conditions that
facilitate receptor-ligand binding {typically near-
physiological temperature, pH, and ionic strength}. The
receptor~ligand complex is then separated by the mixture
vsing protein A, which is immobilized on a solid support
{e.g., dinsoluble zresin beads). The iigand, agonist,
antagonist is then eluted using conventional chemical
technigues, such as with a salt or pH gradient. In the
alternative, the fusion protein itself can be bound to a
solid support, with binding and elution carried out as
above. Methods for immobilizlng receptor polypeptide to
a solid support, such as beads of agarose, tross-linked




EELOTRT EESAR Gl

i0

15

20

25

30

35

46

agarpse, glass, cellulosic resins, silica-based .resins,
polystyrene, cross-linked  polyacrylamide, or like
materials that are stablé.under the conditions of use are
known in the art. Methods for linking polypeptides to
solid supports are known in the art, and inglode amine
chemistry, cyanagen bromide activation, N-
hydroxysuccinimide  activation, epoxide activation,
sulfhydryl activation, and hydzazide activation. The
resulting media will generally be coniigured in the form
of a column, and fluids containing ligand are passed
through the column one or more times to allow ligand to
bind te the receptor polypeptide. The ligand is then
eloted using changes in salt concentration, chiotropic
agents {(MnClz}, or pH to disrupt iigand-receptor binding.

To direct the export of the soluble receptor
from the host cell, the solubhle receptor INA is linked to
a second DNA segment encoding a sscretory peptide,'such
as a t-PA secretory peptide. To facilitate purification
of the secreted receptor domain, an H- or C~terminal
extension, such as an affinity tag or another polypeptide
or protein for which an antibody or other specific
binding agent is available, camn be fused to the receptor
polypeptide.

Cells expressing functional soluble  and
membrane boond receptors of the present invention are
psed within screening assays. & variety of suitable
assays are known in the art. These assays are based on
the detection of a biological response in a target cell.
A change in metabolism compared to a control value
indicates a test compound that modulates BR43x2 mediated
metabolism, one such assay is a rcell proliferatien
assay. Cells are cultured in the presence or absence of
s test compound, and cell proliferation is detected by,
for example, measuring’ incorporation of tritiated
thymidine or by colorimetric assay pased on the metabolic
breakdown of 3~ [4,5-dimethyithiazol~2-yl) -2, 3-diphenyl
tetrazolium bromide INTT) [(Mosman, J. Immunol. Meth. 85:




5 E A,

SBELOTO" &

16

15

20

25

30

35

47

55«63, 1883). An alternative assay Fformat -uses cells
that are further engineered to express a reporter gene.
The reporter gene is linked to a promoter element that is
responsive to the receptor-linked pathway, and the assay
detects activation of transcription of the reporter gene.
Numerons reporter genes that are easily assayed for’ -in
cell extracts are known in the art, for example, the E.
eoli lacZ, chiorcamphenicel acetyl transferase {CAT) and
serum response elemsnt ([SRE} {see, e.g., Shaw et . al.,
Cell _53_§:563;~72, 1983). A preferred such reporter gene is
a luciferase gene (de Wet et al., ¥ol. Cell. Bisl. 7:725,
19B7}. Expression of the luciferase gene is detected by
luminescense using methods known in the azrt 2.g.,
Baumgartner et al., J. Biol. Chem. 268:25054-101, 1594;
Schenbern and Goiffin, Promega Notes 41:11, 13383).
Luciferase activity assay kits are commercially available
from, for example, Promega Corp., Hadison, WI. Targekt
cell lines of this type can be used to screen libraries
of chemicals, wcell-conditioned culture media, fungal
broths, soll samples, water samples, and the like. For
example, a bank of cell-tonditioned media samples can be
assayed on 2 target cell to ldentify cells that produce
ligand. Positive cells are ther used to produce a <DNA
library im a mammalian expression vector, which is
divided inte pools, transfected into host cells, and
expressed. Media samples from the transfected cells are
then assayed, with subseguent division of poola, re-
transfection, subculturing, &and re-assay of positive
cells to isplate a cloned cDNA encoding the ligand.

An assay system that uses a 1igand-—bind:inq
receptor {or an antibody, one memher of a
complement/anti-complement pair) or a binding fragment
théreof, and a commercially available  bicsenser
instrument {BIAcore™, Pharmacia BRiosensor, Piscataway,
NI} may also nmay be advantageously employed. “Such
receptor, antibody, member of a complement/anki-
complement pair or Ffragment is immcbilized onto the
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surface of a receptor chip. Use of this instrument is
disclosed by Karlsson, J. Immunol, Heth. 145:229-40, 1991
and Curningham and Wells, J. Mol. Biol. 234:554-63, 1893.
For exzample, a BR43x2Z polypeptide, fragment, antibody or
member of a complement/anti-complement pair is covalently
attached, using amine or sulihydryl chemistry, to dextran

fibers that are attached to gold film within the f[low

cell. A test sample is passed through the cell. If a
ligand, epitope, or oppogite memper of the
complement/anti-complenent pair is present in the sample,
it will bind to the immobilized receptor, antibody or
member, cespectively, causing a change in the refractive
index of the medium, which is detected as a change in
surface plasmon resonance of the gold film. This systen
allows the determination of en- and off-ratea, from wh_ich
binding affinity can be calculated, and assessment of

stoichiometry eof binding. Ligand~binding recepior
polypeptides can also be used within other assay systems
known in the art. Snch systems include Scatchard

analysis for determination of binding affinity (see,
Scatchard, Ann. NY Acad. Sei. 3l 660-72, 1949} and

calorimetric assays (Cunningham et al., Scignce 253:545~
48, 1991; Cunningham et al., Science 245:821-25, 1991).
As a receptor, the activation of BR43Ix2
polypeptide can’ be measuzed by a silicon-based biosensox
microphysiometer  which  measures the extracellunlar
acidification rate or proten excretion associated with
receptor binding and subsequent physiologic cellular
responses. An exemplary device is the Cytosensor™
Microphysiometer manufactured by Molecular Devices,
Sunnyvale, CA. A variety of cellular responses, such as
cell proliferation, lon transport, energy productien,
inflammatory rasponse, regulatory and receptor
activation, and the like, -can be measured by this method.
See, for example, MeConnell et al., Science 257:1906-12,
1992; Pitchford et al., Meth. Enzymol. ﬁ:&énlOﬂ, 1897;
Arimilli et al., J. Immunol. Meth. 212:48-58, 1998; Van
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Liefde et al., Bur. J, Pharmacol. 346:87-95, 1598. The
microphysiometer can be used for assaying adherent ot
non-adherent eukaryotic or prokaryotic cells. By
measuring extracellular acidification changes in cell
media over time, the microphysiometer directly measures
cellular responses to  various stimuli,  including

agonists, ligands, or antagonists of the BR43x2
polypeptide. Preferably, the microphysiometer is used. to
neasure responses of a BR43x2-expressing evkaryotic cell,
compared to a control eukaryotic cell that does net
express BR43x2 polypeptide. BR43xZ-expressing eukaryotic
cells comprise cells into which BR43x2 has been
transfected, as described herein, creating 2 cell that is
responsive to BR43x2-modulating stimuli; or cells
naturally expressing BR43x2, such as BR43x2-expressing

_cells derived from spleen tissue. Differences, measured

by a change in extracellular acidification, for example,
an increase or diminution in the response of cells
expressing BR43x2, relative to a control, are a direct
measurement of BR4AIx2-modulated cellular responses.
Moreover, such BR43x2-modulated responses can be assayed
under a variety of stimull. Also, using the
microphysiometer, there is provided a mm:.hod of
identifying agonists ~ and antagonists of BR43x2
polypeptifda, comprising providing cells expressing a
BR43x2 polypeptide, culturing a £irst portien of the
cells in the absence of a test compound, culturing a
second portion of the cells in the presence of a test
compound, and detecting & change, for example, ap
increase or diminution, in a cellular response of the
second portion of the weells as compared to the first
portion of the cells. The change in cellular response is
shovn as a measurable change . extracellnlar acidification
rate. Antagonists and agonists for BR43x2 pelypeptide
can be rapidly identified using this method.

The soluble BR43x2 is useful in studying the
distribution ‘of ligands on tissues or specific cell
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lineages, and to provide insight iato recepter/ligand
biology. Application may also be made of the specificity
of TNF receptors for their ligands as a mechanism by
which to destroy ligand-bearing target cells. For
example, toxlc compounds may be coupled to BR43x2 soluble
receptor or BR43x2 fusion. Examples of toxic compounds
would include radiopharmaceuticals that inactivate target
cells; chemotherapeutic ageats such as doxorublcin,
davnerubicin, methotrexate, and cytoxan; toxins, such as
ricin, diphtheris, pgeudomonas exotoxin A and abrin; and
antibodies to cytotoxic T-cell surface molecules.

2tnf4 (peutrokine a4, 5 ng/ml} was found to bind
to BR43x2 (SEQ ID NO:2), TACI {SEQ ID HD:5), BCHR (SEQ ID
ND:6} and BR43xl (SEQ ID NO:7), by FACS analysis [Flow
Cytometry and Sorting, Melamed et al. eds, Wiley-Liss,
1990 and Immunofluorescence and Cell Sorting, Current

" protosols in Inmunology, Volume 1, Coligan et al. eds.

John Wiley & Son, 183T}. FITC~-tagged ztnfd (neutrok.irie
@) was also shown to bind specifically to, among other
things, B lymphocytes in PEMNCs, tonsil cells, to 8 cell
lymphoma cell lines (Raji, purkitt's human lymphoma, ATCC
CcCcLB6), Ramos (Burkitt's Jymphoma cell line, ATCC CRL-
1586}, Daudi {Burkitt’s human lymphoma, ATCC CCL213} pnd
RPMI 1788 (a B lymphocyte cell line, ATCC CCL~156) using
FACS analysis. No binding was seen with HL-E0, (ATCC a
promyelocytic csll line, ATCC CCL-240}. Specificity for
binding to B cells from PEMNC and tensil cells was
confirmed by co-staining with B cell specific molecules
including CD19, IgD and €D20. similarity of z2tnfd
ineutrokine «} to CD40 suggested a broader tissue
distribution than wWas 5Sean. MOR, cytokine proliferation
and T ¢eil proliferation assays, for example, could not
detect binding of ztnfd {neutrokine w) to any other type
of cell tested. Therefore, the specificity for B cells
by the ligand and receptor sugyests that they are useful
for the study and treatment of autoimmunity, B cell
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cancers, immuinomodulation, IBD and any antibody-mediated
pathclogies, e.g. ITCE, myasthenia gravis and Lie li-ke.
Ztnf4 {neutrokine o) has been shown to activate
8 cells resulting in B .cell proliferation, antibody
production and up-regulation of activation markers in
vitro {see examples below}. These affects regquire co-
stimulation via IL-4 or other cytokines or stimulatloh
through the B cell antigen receptor or other cell surface
receptors which activate B cells, i.e., CP40. The ligand
does not act on resting B cells. Other tumor necrosis
factor ligands, such as gp39 and TREP, also stimulate B
cell proliferation. Thus the polypeptides of the current
invention can be targeted to specifically regulate B cell
responses, inhibiting ackivated B cells, during the
immune response without affecting other cell populations
which 4is advantageous in the Gtreatmeat of disease.

'Additionally, the polypeptides of the present inventicn

could be used to modulate B cell development, antibody
production and cyﬁpkine production. BR43xZ polypeptides
can also find uwse in inducing apoptosis and/or anergy
within cells. Polypeptides of the present invention
could alse modulate T and B cell comaunication by
neutralizing the proliferative effects of  ztnfd
{neatrokine «). Bioassays and ELISAs are available to
measure cellular responsa to ztnfd in the presence of
soluble BR43x2, TACY and/or BCMA. Other assays include
those which measure changes in cytokine production as a
measure of cellular response {see for example, Current
Protocols in Immunology ed. John E. Coligan et al., NIH,
1596) . Assays to measure other cellolar responses,
including antibody isotype, monocyte activation, NK cell
formation, antigen presenting cell function, apoptosis.
BR43x2 polypeptides of the present invention
would be useful to neutralize the effects of ztnid
{neutrokine o} for treating pre-B or B-cell leukemias,
such as plasma cell leukemia, chrenic or acute
lymphocytic leukemia, myelomss such as multiple myeloma,
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plasma cell myeloma, endothelial myeloma and giant cell
myeloma; and lysphomas such as non~Bodgking lymphoma, for
which an increase in ztnf4 {nestrokine a) polypeptides is
associated. Soluble BR43x2 would be a useful component
in a therapy regime for inhibiting tumor progression and
survival.

Borthern blot analysis showed ztnf4 (neuérokine
@) is expressed in cp8* eeils. This suwggests that in
some  autoimsune disorders, = cytotoxic T-cells might
stimulate Becell productisn through- excess production of
senfé  (neutrokine a). Immunosuppressant proteins that
selectively block the action of B-lymphocytes would be of
use in treating disease. Autoantibody production 1is
common to several autoimmupe diseases and contributes ko
tissue destruetion and exacerbation of  disease.
Autoantibodies can also lead to the occurrence of immune
complex deposition complicatiens and lead to many
symptoms of systemic lupus erythomatosis, including
kigney failure, neuralgic symptoms and death. #odulating
antibody production independent of cellular respc;nse
would also be beneficial in many disease states. As

‘such, inhibition of =ztnf4 [meutrokine a} antibody

production would be beneficial in treatment of avtoimmune
diseases such as myasthenia gravis and rheumatoid
arthritis. Immunosuppressant therapeutics such as seluble
BR43x2 that selectively block or neutralize the action of
B-lymphocytes would be useful for such purposes. T
verify these capabilities in BR43x2 soluble receptor
polypeptides of the present inventien, such BR43Ix2
polypeptides are evaluated using assays known in the art
and described herein. .
The offect of soluble BR43x2 polypeptides and
fusion proteins on immune respense can be measured by
administering the polypeptides of the present invention
to animals immunized with antigen followed by injection
of ztnfd {neutrokine g} and measuring antibody isotype
productien and T cell responses ineluding delayed type
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hypersensitivity and in vitro proliferation and cytokine
production according the methods known in the art.

The present invention therefore provides a
method of inhiblting neutrokine o activity in a mammal
comprising administering to said mammal an amount of a
compound selected from the group consisting of:

a} a polypeptide of SEQ ID NO:4;

b) a polypeptide of SEQ 1B RO:8;

c) s fusion protein;

d} a polypeptide of SEQ ID NO:5 from amino
aeid residue 1 to residue 166;

e} a polypeptide of SEQ ID HO:6 from amino
acid residue ) to residue 150;

£} an antibody or antibedy £ragment which
spec;f;cally binds to a polypeptide of SEQ ID NO:4: and

g) an antibody ox antibody fragment which
specifically binds te a polypeptide of SEQ 1D NO:B.
Preferred fusion proteins include fusions of soluble
BR43x2 {SEQ ID NO:4), TACI (from amino acid residue 1 to
residue 166 of SEQ ID H0:5) or BCHA (from amine acid
regidue 3 to residue 150 of SEQ ih NO:6) with another
polypeptide, preferably an immunoglobulin heavy chain
constant region Fp fragment.

Such methods would be particularly useful where
reutrokine o activity is associated with activated B
lymphocytes and for treating pre-B cell or B-cell
Cancers. Such methods would also be wuseful where
neutrokine @ activity is associated with antibody
production. In particular, antibody production
associated with autoimmune diseases such &s systéhic
lupus erythomatosis, myasthenia gravis or rheunatoid
arthritis.

The present invention alse provides BR43x2
agonists and antagonists. Compounds identified 2s BR43x2
agonists are useful for modifying the proliferation and
development of target cells in vitro and in wvive. For
example, agonist compounds are unseful alone oI in
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combination with other cytokimes and hormones as
components of defined sell cuibure media. Agonlsts are
thus useful in specifically mediating the growth and/or
development of BR4Ix2-bearing B lymphocytes cells in
culture. BAgonists and antagonists may also prove useful
in the study of effector functions of B lymphocytes, in
particnlar B lymphocyte sctivation and differentiatlon.
Antagonists  are useful as research reagents for
characteriziﬁg ligand-receptor interaction.

Compounds identified as BR43x2 antagonists are
also wseful to boost the humoral immune response. B cell
respenses are important in fighting infectious diseases
including bacterial, wviral, protozoan and parasitie
infections. Antibedies against infectious microorganisms
can immebilize the pathogen by binding to antigen
followed by complement mediated lysis or cell mnediated
attack. A BR43x2 antagonist would sexve to boost the
humoral response and would be 2 useful therapeutic for
individuals at tisk for an infectious disease ox as a
supplement to vaccination.

The invention alsc provides antagonists, which
either bind to BR43x2 polypeptides or, alternatively, to
a ligand te which BR43xZ polypeptides bind, thereby
iphibiting or eliminating the function of BR43x2. Such
BR43x2 antagonists would include antibodies;
oligonucleotides which bind either to the BR43x2
polypeptide or to its ligand; netural or synthetic
analogs of BR43x2 ligands which retain the ability to
bind the receptor but do not result in either ligand or
receptor signaling. Such analogs could be peptides or
peptide~like compounds. Natural or synthetic small
molecules which bind to BR43x2 pelypeptides and prevent
signaling are also contemplated as antagonists. As such,
BR43Ix2 antagonists would be useful as therapeutics for
treating certain disorders where blocking signal from
either a BR43x2 receptor or ligand would be beneficial.
Antagonists are useful as research reagents for
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characterizing ligand-receptor interaction, BR43Ix2 is
sxprasses on tronsformed B cell lines including BBV
induced and spontaneous Burkitt’s lymphoma and several B
cell myelomas. Yphibiting the function of BR43x2 would
be wuseful in the treatment of B cell lymphomas or
multiple myelomas. BR43x2 antagonists, swch as BR43x2
soluble receptors of  antibodies, could bhe used
therapeatically to mediate tumor pregression.

The activity of agonists and antagonlsts can be
determined by activity assays which determine the potency
of receptor/ligand engagement., Stably trapsfected B-cell
ilines, such as Bafd (a2 murine pre-B cell line Palacios
and Steinmetz, ibid. and Mathey-Prevot et al., ibid.),
which co-express high‘levels of reporter gene constructs
for NfKB, NFAT-1 and AP-1 were made which express BR43x2.
Cell Iines expressing TACI and BCMA were also be prepared
in a similar manner. Ztnfd was found to signal through
the reporter genes in these constructs. Soluble BR43x2
and antibodies can be used to measure hinding.

An in vive approach for assaying proteins’ of
the present invention inveolves virxal delivery systems.
Exemplary viruses for this purpose include adenovirus,
herpesvirus, vaccinia virus and adeno-associated wvirus
{BRV). Adenovirus, & double-stranded DNA virus, is
currently the best studied gene transfer vector for
delivery of heterologous nucleic acld {for a review, see
Becker et ak., Meth. Cell Biol. 43:161-88, 195%4; and
bouglas and Curiel, Science & Medicine 4:44-53, 1997}.
The adenovizus system offers several advantages:

adenovirus can {i} accommodate relatively large DNA
inserts: {ii} be grown to high-titer; (iii) infect a
broad range of mammalian cell types; and {iv} be used
with a large rnumber of available vectors containing
different prometers. Also, because adenoviruses are
stable in the bloodstream, they cen be administersd by
intravenous injection.
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. By deleting portions of the adenovirus genome,
lazger inserts {up to 7 kb) of heterologous DHA can ko
accommodated. These inserts may be incorporated into the
viral DNA by direct ligation or by homologous
recombination with a co-transfected plasmid. In an
exemplary system, the essential 'E1 gene has been deleted
from the viral vector, and the virus will not replicate
unless the Bl gene is provided by the host cell {the
human 293 cell line' is exemplary). When intravenously
administersed to iptact animals, adenovirus prinarily
targets the liver. If the adenoviral delivery system has
an E1 gene deletior, the virus cannot replicate in -the
host cells. However, the host’s tissue ({e-g., 1liver)
will express and process {and, if a signal seguence is
present, Ssecrete} the heterologous protein. Secreted
proteins will enter the eireulation in the highly:
vaseularized liver, and. effects on the infected animal
can be determined. -

The adenovirus system can also be used for
protein production in vitro. By culturing adenovirus-
infected non-293 cells under conditiens where the cells
ere not rapidly dividing, the cells can produce proteins
for extended periods of time. For instance, BHK cells
are grown to confluence in cell factories, then exposed
to the adenoviral vector encoding the secreted protein of
interest. The cells are then grown under serum-free
conditions, which allows infected cells to survive for
several weeks without significant cell division.
Alternpatively, adenovirus vector infected 2935 cells can
be growh in suspension culture at relatively high cell
dengity to produce significant amounts of protein (see
Sarnier et al., Cytotechnol. 15:145-55, 1894}. With
pither protocol, an expressed, secreted heterologous
protein can be repeatedly isolated from the cell culture
supernatant. Within the infected 2835 cell production
protocol, non-secreted proteins may also be effectively
ovbtained.
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Well established animal models are svailable to
test ip vive efticacy of soluble BR43xZ polypeptidas of
the . present invention im certain disease states. In
particulaz, soluble BR43x? polypeptides and polypeptide
fragments can be tested is vivo in a nunber of animal
models- of antoimmune disease, such as MRL-Ipr/lpr or RIB
% NIW Fl congenic mouse strains which serve as a model of
SLE {systemic' lupus ezythematosus}. Such animal models
are known in the art, see for example Autoimmune Disease
Mpdels A Guidebook, Cohen and Miller eds. Academic Press.
Another use for in vivo models includes delivery of an
antigen challenge to the  animal followed by
admipistration of soluble BR43x2 or its ligand ztnf4
{neutrokine @) =and measuring the T and B cell response.

Additionally animal models can be used to identify the
effects of soluble BR43xZ on tumors and tumor developsient
in vive.

The invention also provides  antibodies.
Antibodies to BR43x2 or peptides having an aminc acid
sequence of SEQ ID NO:B can be obtained, for example,
using as an antigen the product of an expression vector
containing the polypeptide of interest, or a polypeptide
isolated from a natural source. particularly useful
antibodies “"bind specifically” with BR43x2 or peptides
having an amino acid seguence of SEQ ID NC:B. Antibodies
are considersd to be specifically binding if the
antibodies bind to a BR43x2 polypeptide or a polypeptide
of SEQ ID NO:8, peptide or epitope with a binding
affinity [Ka) of 105H*1 or greater, preferably 107M—1 or
greater, more preferably 11381-!'"1 or greater, and.most
preferably 10%7% or greater. The binding affinity of an
antibody can be readily detexmined by cne of ordinary
skill in the art, for example, by Scatchard analysis
(Scatchard, Amn. NY Acad, Sci. 51:660, 1348). Suitable
antibodies inciude antibodies that bind with BR43xZ, in
particular the extracellular domain of BREBxZ {amino acid
residues 1-120 of SEQ ID NO:2) end those that bind with
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pulypeptides having an amino acid sequence of SEQ ip
NC:8.

Anti-BR43x2 antibodies can be produced using
antigenic BREIx2 epitope~bearing peptides and
polypeptides. Antigenic epitope-bearing peptides and
polypeptides of the present invention contain a ssquence
of at least nine, preferably between 15 to about 30 amino
acids contained within SEQ ID NO:2. However, peptides or
polypeptides comprising 2 larger portion of an amino acid
sequence of the invention, contzining from 30 to 50 amino
acids, or any length up to and including the entire amino
acid sequence of a pelypeptide of the invention, also are
useful for inducing antibodies that biad with BR43x2. It
is desirable that the amino acid sequence of the epitops~
bearing peptide is selected to provide substantial
'solubility in acquecus solvents {i.e., the seguence
includes relatively hydrophilic residues, while
hydrophobic residues are preferably aveided). Hydrophilic
peptides can be predicted by one of skxill in the art from
a hydrophobicity plot, see for example, Hopp and Woods
{Proc. Nat. Acad. Sci. DSA 48:3024~8, 1981) and Kyte and
Doolittle: {J. Mol. Biol. 157: 105-142, 1582). Morecver,

amine scid segquences containing proline residues may be

also be desirable for antibody production.

Polyclonal antibodies to recopbinant BR43x2
protein or to BR43xZ isplated from natural sources ¢am be
prepared using methods well-known to those of skill in
the art. See, for example, Green et al., "Production of
Polyclonal  Antlsgera,” in Trmunochemical Protogols

{Manson, ed.}, pages 1-5 [Humana Press 1982), and
Williams et al., "Expressien of foreign proteins in E.
coli using plasmid vectors and purification of specific
polyclonal antibodies,” in DNA Cloning 2: Expression
Systems, 2nd BEdition, Glover et al., {eds.}, page 15

{Oxford University Press 10895). The jmmunogenicity of a
BR43x2 polypeptide can be increased through the use of an
agjuvant, such as alum {aluminum hydroxide} or Frewnd's
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complete or incomplete adjuvant. Polypeptides useful .fo:
immunicaticn 2lso include fusion polypeptides, such as
fusions of BR43x2 or a portion thereof with an
immuneglobulin  polypeptide or with maltose binding
protein. ‘The polypeptide immunogen may be a full-length
molecule or a portion thereof. . If the polypeptide
portien is  “hapten-like,” such portion may Dbe
advantageously Jjoined or linked to a macromolecular
carrier {such as keyhole. limpet hemocyanin (KLH}, bovine
serum albumin {BSA) or tetanus toxoid) for immunization.
Although polyclonal antibodies are typically
raised in animals such as horses, cows, dogs, chicken,
rats, mice, rabbits, hamsters, guinea pigs, goats or
sheep, an anti-BR43x2 antibody of ‘the present invention
may also be derived from a subhuman primate antibody.
General technigues for raising diagpostically and
therapeutically useful antibodies in babovons may be
found, for example, in Goldenberg et al., internatiopal
patent publication No. WO 91/11465, and in Losman et al.,
Int. J. Cancer 46:310, 1990. Antibodies cap also Dbe
raised in transgenic animals such as tranagenic sheep,
cows, goats or pigs, and may be expressed in yeast and
fungi in modified forms as will as in mammalian and
insect cells. .
Alternatively, monoclonal anti-BR43x2
antibodies can be generated. Rodent  menoclonal
antibodies to specific antigens may be obtained by
methods known to these skilled in the art {see, for
example, Kohler et al., Natuzre 2563495, 1975, Coligan et
al. {eds.), Current Protogels in Immunology, Vol.. %,
pages 2.5.1-2.6.7 {Jobhn Wiley & Sons 1881}, Picksley et
2l., “"Production of monoclonal antibodies against

proteins expressed in E. coli,” in DHA "Cloning 2:

Expression Systems, 2and Edition, Glover et al. ({eds.),

page 93 [Oxford University Press 19953}).
Briefiy, mronoclonal antibsdies can be obtained
by injecting miece with a composition comprising a BR43x2
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gene product, verifying the presence of antibody
production by removing & BEIUR sample, cemeving the
spleen to obtain B- lymphocytes, fusing the B-lymphocytes
with myeloma cells to produce hybridomas, cloning the
hybridemas, selecting positive clones which produce
antibodies to the antigen, cultuxi_ng the clones that
produce antibodies to the antigen, and isolating the
antibodies from the hybridoma cultures.

" 1In addition, an anti BR43x2' antibody of the

‘p:esent invention may be derived from a human monoclonal

antibody. Humas mopoclonal antibodies are obtainad from
transgenic mice that have been engineered to produce
specific human antibodies in response to antigenic
challenge. In this technigue, elements of the human heavy
and light chain locus are introduced into strains of mice
derived from embryenic stem cell lines that contain
targatad disruptions of the endogenous heavy chain “and
light “shain locl. The transqenic mice can synthesize
humar antibodies specific for human antigens, and the mice
can be used te produce human antibody-secreting
hybridomas. Methods for obtaining human antiboedies from
transgenic mice are described, for example, by Green et
al., Nat. Genet. 7:13, 1994, Lt;mbe:g et al.., tiat-ure
368: B56, 1594, and Taylor et al., Int. Immun. §:%79, 1994.
Monoclonal antibodies can be isolated and
purified from hybridoma cultures by a variety of well-

established technigues. such 4isolation ‘technigues
include affinity chromatography with Protein-A Sepharose,
size-exclusion chromatography, and ion-exchange

chromatography isee, for example, Coligan at pages 2.7.1-
2.7.12 and pages 2.9.1-2.8.3; Baines et  al.,
mpurification of Dmmunoglobulin & (XgG}," in Methods in
Molecular Biplogy, Vol. 10, pages 73-104 {The Humana
press, Inc. 1992)1. '

For particular uses, it may be desirable to

prepate fragments of anti-BR43x2 antibodies. Such
antibody fragments can be obtained, for example, by
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protenlytic Thydrolysis of the antibody. Antibody
fragments can be obtained by pepsin or papaln digostisn
of whole antibodies by conventional methods. As " an
illustration, antibody fragments can be produced by
enzymatic cleavage of antibodies with pepsin to provide a
55 fragment denoted F{ab'),. This fragment can be further
cleaved using a thiol reducing agent to produce 3.535 Fab’
ponovalent fragments. Optionmally, the cleavage reaction
can be performed using a blocking group for ‘the
sulfhydryl groups that result from cleavagé of disulfide
linkages. As an alternative, ab enzymatic cleavage using
pepsin produces two monovalent Fab fragments and an Fe
fragmnent directly. These methods are described, for
example, by Goldenberg, 0.5. patent No. 4,331,647,
Nisonoff et al., Arch Biochem, Biophys. B9:230, 1960,
Porter, Biochem. J. 73:115, 1859, Edelman et al., in
Methods in Enzymology Vel. 1, page 422 {Rcademic Press
1867}, and by Coligan, ibid.

orher methods of cleaving antibodies, such as
separation of heavy chains to form menovalent light-heavy

chain fragments, further cleavage of fragments, or other
enzymatic, chemical or genetic technigues may also be
used, so long as the Eragments bind to the antigen that
is recognized by the intact antibody.

For example, v fragments comprise an
association of Vg and Vg, chains. This association can he
nroncovalent, as described by Inbar et al., Proc. Neitl.
Acad. Sci. DSA  689:2659, 1972, Rlternatively, the
variable chains can be linked by an intermolecularx
disulfide bond or cross-linked by chemicals such as
gluteraldehyd;: [see, for examole, Sandhv, Crit. Rav,
Biotech. 12:437, 1532).

The Fv fragments may comprise Vg and Vi cha'ins
which are connected by a peptide linker. These single-
chain antigen binding proteins (sciv) are prepared by
constructing a structural gene comprising DNA sequences
encoding the Vg and Vi domains which arxe connected by an
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oligonucleotide. The struyctural gene is inserted into an
expression vector which is subsequently introduced inte a
host cell, such as E. coli. The recombinant host cells
synthesize & single polypeptide chain with a linker
peptide bridging the two V domains. Metheds for
producing scivs are described, for example, by Whitlow et
al., Wethods: A Companion Lo Methods in Enzymelogy Z2:97,
1981, also see, Bird et al., Science 242:423, 1388,
Ladner et al., ¥.5. Patent No. . 4,846,778, Pack et al.,
Bie/Technology 13:1271, 1993, and Sandhu, ibid.

As ap illustration, a scEV can bhe obtained by
exposing lymphocytes to BR43x2 pelypeptida in vitro, and
selecting antibody display iibraries in phage or similar
vectors (for Lnstance, through use of immobilized or
1abeled BR43IxZ protein or peptide}. Genes encoding
polypeptides having potential BR43Ix2 polypeptide binding
domains can be obtained by screening random peptide
iibraries displayed on phage {phage display) or on
bacteris, such as E. ¢oli. Nucleotide sequen-ces encoding
the polypeptides can be obtained in a number of ways,
such as through random mutagenesis and random
polynucleotide systhesis. These random peptide display
libraries can be used to screen for peptides which
interact with a known target vhich can be a protein or

polypeptide, such as a ligand or receptor, a biological
or synthetic macronolecule, oOT organic or inoxganic
substances. Techniques for creating and screening such
random peptide display 1ibraries are known in the art
(Ladper et al., U.S. Patent No, 5,223,409, ladner et al.,
J.S. Patent No. 4,946,778, Ladnexr =t al., U.S. Patent No.
5,403,484, Lladner et al., U.S5. patent ¥o. 5,571,698, -and
Kay et al., Phage Display of Peptlides and Proteins
{hcademic Press, Inc. 1B886)) and random peptide display
libraries and kits for screening such libraries aze

available commercially, Ffor instance from Clontech {Palo
Alto, CA}, Invitrogen Inc. [Sap Biege, Ch), New England
Biolabs, 1Inc. {Beverly, M), and Pharmacia LKB
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Biotechpology Inc. (Piscataway, ®J). Random peptide
display Libraries can be screened using the BR43Ix2
seguences disclosed herein to identify proteins which
bind to BR43xZ. )

Another form of an antibody fragment is a
peptide coding for a single complementarity-determining
region {CDR}. CDR peptides {"minimal recognition units"}
can be chtained by constructing genes encoding the CDR of
an antibody of interest. Such genes are prepared, for
example, by using the polymerase chain reaction to
synthesize the variable region from RNA of antibody-
producing cells (see, for example, Larrick et al.,
Methods: A Companion to Methods in Enzymology 2:106,
18913}, Courtenay-Luck, "Genetic Manipulation of
Monoclonal Antibodies,” in  Monoclonal Antibodies:
Production, Engineering and Clinical Application, Ritter
et al. (eds.), page 166 (Cambridge University Press
1895), and Ward et al., T"Genetic Manipulation and
Expression of Antibodies,” in Monoclonal Antibodies:
Principles and Applications, Bilrch »t al., (eds.}, page
137 {Wiley-Liss, Inc. 1855]}]).

Alternatively, an anti~BR43x2 antibedy may be
derived from a *humanized”™ . monoclenal antibody.
Bumanized monoclonal  antibodies are produced by
transferring mouse complementary determining regions from
heavy and light .variable chains of the mouse
immanoglebulin into a human variable domain. Typical
realdues of humap antibodies are then substituted in the
framewozrk regions of the murine counterparts. “The use of
antibody components derxived from humanized monoclonal
antibodies obviates potential problems associated with
the immuncgenicity of murine constant regions. General

techniques for cloning murine immupnoglobulin variable
domains ars described, for example, by Orlandi et al.,
Proc, Natl. Acad. Sci, USA B6:3833, 198%. Technigues for
producing humanized monoclonal antibodies are described,
for exampie, by Jones et al., Hature 321:522, 1986,
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Carter et al., Proc. Nat. Acad. Sei. USA 22:4285..1992r
sandhu, Crit. Rev. siotech. 12:437, 1492, Singer =t al..
J. Immun. 150:2B44, 1993, Sadhir {ed.), Antibedy
Engineering Protocels {Humana Press, Inc. 1995}, Kelley,
"Engineering Therapeutiz  Antibpdies," in Protein

Engineering: Principles and Practice, Cleland et al.
{eds.}, pages 399-434° [John Viley & Sons, Inc. 1986}, and

by Queen el al., U.5. Patent No. 5,693,762 (1837} .
polyclonal aanti-idiotype antibpdies can Dbe

prepared by {immunizing eanimals  with anti-BRA3x2
antibodies or antibody fragments, using - standard
techniques. See, for example, Gieen et al., "Production
of Polyclonal Antisera,” in Methods In Molecular Biology:

tmmunochemical Protocels, Manson {ed.), pages 1-12
{Humans Press 1992). Alsc, see Coligan, ibid. at pages
2.4.1-2.4.7. Alterpatively, monsclonal anti-idioctype

antibodies can be prepared using anti-BR43x2 antibodies
or antibody fragments as immunogens with the technigues,
described above. A5 another alternative, humanized anti~
idiotype antibodies or subhwman primate anti-idiotype
antibodies can be prepared using the above-described
technigues. Methods for producing anti-idiotype
antibodies are described, for example, by Irie, 0.5
patent No. 5,208,146, Greene, at. al., B.5. Patent No.
5,637,677, and Varthakavi and Minocha, J. Gen. Virel.
77:1875, 1896.

Bntibodies or polypeptides herein can also be
directly or indirectly conjugated to drugs, toxins,
radionuclides and the like, and these conjugates used for
in wvive diagnostic or therapeutic applications. For
instance, polypeptides or antibodles of the present
invention can be used to identify or téeat tissves or
organs that express a corresponding anti-complementary
melecule  (receptor or  antigen, respectively, for
instance) . More specifically, BR43x2 polypeptides or
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anti-BR43x2 antibodies, or biocactive fragments or
portions thereof, c¢an be coupled o detectable . or
cytotoxic molecules and delivered tn a mammal having
cells, ‘tissues or organs that express the anti-

complementary molecule,

Suitable detectable molecules may be directly
wr indirectly attached to the polypeptide or antibody,
and incluade radionuclides, enzymes, substrates,
cofactors, inhibitors, fluorescent markers,
6hemilum1nescent markers, magnetic particles and the
like.  Suwitable cytotoxic molecules may be directly or
indirectly attached to the polypeptide or antibody, and
ipclude bacterial or plant  toxins  {for instance,
diphtheria toxin, Pseudomonas exotoxin, riein, abrim and
the like}, as well as therapeutic radionuclides, suoch as
ifodine~131, rhenium~1B8 or yttrium~90 (either directly
attached to the polypeptide or antiboedy, or indix:ectiy
attached through means of a chelating molety, for
instance). Polypeptides or antibodies may alsoc _be
conjugated to cytotoxic drugs, such as adriamyein., Fox
indirect attachment of a detectsble or cytotoxic
molecule, the detectable or cytotoxic molecule -can be
conjugated with a member of a
complementary/anticomplementary pair, where the other
member 1s bound to the polypeptide or antibody portion.
Por these purposes, biotin/streptavidin is an exemplary
complementary/ anticomplementary pair.

Soluble BR43x2 polypeptides or antibedies to
BR43x2 can be directly or indirectiy conjugated to drugs,
toxins, radionuclides and the like, and these conjugates
used for- in vivo diagmostic or therapeutic applications.
For instance, polypeptides or antibodies of the present
invention can be used to identify or treat tissues or
organs that express a corresponding anti-complementary
molecule {receptor or - antigen, respectively, for
instance}. Hore spercifically, BR43x2 polypeptides or
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anti-BR43x2 antibsdies, or Dbioactive fragments of
portions thersof, canx e cotpled

cytotoxic molecules and delivered to a mammal having

to  detertable or

cells, tissues or organs that express the anti-
complementary molecule.

Suitable detectable nolecules can be directly
or indirectly attached CoO the polypeptide or antibody,
and include radionuclides, enzymes, substrates,
cofactors, inhibitors, fluorescent markers,
chemiluminescent markers, magnetic particles and the
like. Suitable cytotoxic molecules can be directly or
indirectly attached to the polypeptide or antibody, -and
inclode bacterial er plant ‘toxins {for instance,
diphtheria toxzin, pseudompnas exotoxin, ricin, abrin and
the like), as well as therapeutic radionuclides, such as
iodine-131, rhenium~1B8 or ytirise-50 ({either directly
attached to the polypeptider or antibody, or indirectly

.attached through means of a chelating moiety, ‘for

instance) . Polypeptides or antibodles can also be
conjugated to cytotoxic drugs, such as adriamycin., For
indirect attachment of a detectabls or cytotoxic
molecule, the detectable or eytotexie molecule can be
conjugated with a member of a complementary/
anticomplementary pair, where the other member is bound
to the polypeptide or antibedy portion. For these
purposes, bictin/streptavidin is an exemplary

complementary/ anticomplementary palt.
Such polypeptide-toxin fusion proteins ox

antibody/fragrent~toxin fusion proteins can be used for
targeted cell or tisswe inhibition or ablation ({for
instance, to treat CENCer, cells or tissues) .
Alterpatively, L1f the polypeptide has multiple functional
demains (L.e., an activation domain or a ligand binding
domain, plus a targeting domain), a fusion profeia
jincluding only the targeting domain can be suitable 'f.or
directing a detectable molecule, a cytotoxic molecule or
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a complementary molecule to a cell or tissue type of
interest. In instances where the domain only fusion
proteir includes a complementary mpolecule, the anti-
complementary molecule can be conjugated to a detectable
or cytetoxic molecule. Such  domain-complementary
molecule fusion proteins thus represent a generic
targeting vehicle for cell/tissue-specific delivery of
generic anti-complementary-detectable/ cytotoxic meolecule
conjugates. The bicactive polypeptide or antibody
conjugates described herein can be delivered
intravenously, intraarterially or intraductally, or may
be introduced locally at the intended site of action..

Antibodies can be made %to soluble, BR43x2
polypeptides which are Ris or FLAG™ tagged.  Antibodies
ecan also be prepared to 2. coli produced MBP-fusion
proteins. Alternatively, such polypeptides could Lnclude
a2 fusion protein with Fuman XIg. In particular, antiserum
containing polypeptide antibodies to Ris-tagged, or
FLAG™-tagged soluble BR43xZ can be used in analysis of
tissue distribution of BR43x2 by immunchistochemistry on
human or primate tissuve. These soluble BR43x2
polypeptides wan also be used to immunize mice in ordez
to produce monotlonal antibodies to a soluble human
BR43x2 polypeptide. Monoclonal antibodies te a soluble
human BR43x2 polypeptide can also be usad to mnimic
ligand/receptor coupling, resulting in activaktion or
inactivation of the ligand/receptor pair. For instance,
it has beep demonstrated that cross-linking anti-soluble
CD40 moncclonal antibodies provides a stimulatory signal
to B cells rhat.have been sub-optimally activated with
anti-Ig¥ oxr LPS, ard results in proliferaticon and

immunoglebulin  production. These same monoclopal
antlbodies act as antagonists when used in sclution- by
blocking activation of the receptor. Moneclonal

antibodies to BR43x2 can be used to determine the
distribution, regulation and bieclogical interaction of
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the BR43x2/BR43x2-ligand pair on specific cell lineages
sidentified by tissue distribution studies.

The invention also provides isplated and
purified BR43x2 polynucleotide probes or primers. Such
pelynucleotide probes can bz RNA or DNA. DNA can be
either cDNA or genomic DNA.  Polynucleotide probes are
single or double-stranded DNA or RNA, generally synthetic
oligonucleotides, but may be generated from cloned cDWA
or genomic segquences and will generally comprise at least
16 nucleptides, more often from 17 nucleotides to 23 or
more nueleotides, sometimes 40 to 60 nucleotides, and in
some instances a substantial portion, domain or even the
entire BR43x2 gene or cDBA. Probes and primers arxe
generally synthetic oligenucleotides, but may be
generated from clened c¢DNA or genomic segquences or 1Its
complements. analytical probes will generally be at
least 20 nucleotides in length, although scmewhat shozter
probes [14-17 aucleotides) can be used. PCR primers are
at least 5 nucleotides in length, preferably 153 or more
nt, mere preferably 20-30 nt. Shoxt polynucleotides can
be used when a small region of the gene is targeted for
analysis. For gross snalysis of genea, a poelynucleotide
probe may comprise an entire exon or more. Probes can be
labeled to provide & detectable signal, such as with an
enzyme, biotin, a radionuclide, flvozophore,
ehemiluminescer, paramagnetic particle and the like,
which are commercially available from many sources, such
as Molecular Probes, Inc., Eugens, OR, and &mersham
Corp., Rrlington Heights, IL, using technigues that are
well known in the art. Preferred regions from which to
construct probes include the 1ligand binding regien,
cysteine~rich pseudo repeats, signal sequences, and .the
like. Techniques for developing polynucleotide probes
and hybridization techniques are kaown in the art, see
for example, Ausubel et al., eds., Current Protocols in
Mplecular Biology, Jobn Wiley and Sons, Inc., NY, 1931.
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BR43x2 polypeptides may be wsed within
dlaonostic syste.,ms to detect the presence of BR43x2 and
BR43x2 ligand polypeptides. The information derived from
such detection methods would provide insight inte the
significance of BR43x2 polypeptides in various diseases,
and as a would serve as diagnostic tools for diseasss for
vhich altered levels of BRE3x2 are significant. Altered
levels of BR43x2 receptor polypeptides may be indicative
of pathological cenditions including cancer, auteimmune
disorders and infectious diseases. '

In a basic assay, a single-stranded probe
melecule is  incubated with RHA, isclated from a
biplngical sample, under conditions of temperature ‘and
ipnic strength that promote bese pairing between the
probe and target BR43x2 RNA species. After separsting
unbound probe from hybridized molecules, the amount of
hybrids is detected.

fell-established hybridization methods of RNA
detection include northern apalysis and dot/slot hHlot
hybridization (see, for example, Ausubel _::._b_g._c_il. and Wu et
al. ({eds.}), ™Rnalysis of Gepe Expression at the RHA
Level,” in HMethods in Gene Biotechnology, pages 225-233
{CRC Press, Inc. 1997)). Nucleie acid probes can be
detectably labeled with radiocisotepes such as 2P or s,
Alternatively, BR43x2 RNA can be detected with a
nonradioactive hybridization method {see, for example,
Isaac  f{ed.}, Protocols for HNucleic Acid Analysis by
Nonradicactive Probes, Humana Press, Inc., 1993y .
Typically, nonradicactive detection is achieved by
enzymatic conversion of chromegenic or chemiluminescent
substrates. Illustrative nonradicactive moieties include
biotin, fluo.:escein, and digoxigenin,

BR43x2 oligonucleotide probes are also useful
for in vive diagnosis. As an illustration, **F-labeled
oligonucleotides- can be administered tp a subjsct and
vispalized by positron emission tomography ('ravit!:an et
al., Nature Medicine 4:467, 1998). '
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Rumerous diagnostic procedures take advaatage
of the polymerase chain reaction [PCR} to increase
sensitivity of detection methods, Standard technigues
for performing PCR are well-known {see, generally, Mathew
ted.), Protecols in Human Molecular Genetics {Humana
press, Inc. 1981}, White {ed.), PCR Protogels: Curzrent
Methods and Applications {Humana Press, Inc.  1893),
Cotrer (ed.), Mplecuiar Diagnosis of Capncer (Humana
press, Inc. 1996}, Hanausek and Walaszek (eds.), Tumar
Marker Protocols [Humana PresS, Inc. 1389), Lo (ed.};
Clinical Applications of PCR {Humana Press, Inc. 1888},
and Meltzer fed.}, PCR _in Bioanalyﬁis |Humana Press, Inc.
1988})). BPCR primers can be designed to ampiify =&
seguence encoding & particular BR43x2 domain or motif,
such as the BR43x2 RNA-binding domain {encoded by about
nuclestide 219 to 445 of SEQ ID RO:} or nucleotides 92 to

322 of SEQ 1D RO:6).
One variation of PCR for diagnostic assays is

reverse transcriptase-PCR (RT-PCR]. In the RT-ECR
technigue, BHA is isolated from a biological sample,
reverse transcribed to cDNA, and the «DNR is incubated

with BR43x2 primers [see,.for example, Wu et al. (eds.),
“Rapid Isolation of Specific cDNAs or Genes by PCR, " in
Methods in Gene Bictechnology, CRC Press, Inc., pages 315~
28, 1997). PCR is then performed and the products are

analyzed using standard techniques.

As an illustration, RNA Is isolated from
biological sample using, for example, the gunanidinium-
thiocyanate cell lysis procedure described above.
Alterpatively, a solid-phase technigue can be used to
isclate mRWA from a cell lysate. A reverse transcription
reaction can be primed with the isolated RNA using randon
oligonuclectides, short hamopolymers of 4T, or BR43x2
anpti-sense oligomers. Oligo-dT primers offer -the
advantage that various mRHA nucleotide sequences are
amplified that can provide contrel target seguences.
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BR43x? seguences are amplified by the polymerase chain
reaction using two flanking oligonucleotide primers that
are typically at least 5 bases in length.

PCR  amplification products can be detected
using a variety of approaches. For example, £CR products
can be fractionated by gel electrophoresis, and
visvalized by ethidium bromide staining. Rlternatively,
fractionated PCR products can- be transfezred to a
membrane, hybridized with a detectably-labeled BR43x2
probe, and examined by autoxadiography. Additional
alternative approaches inciude the use of digoxigenin-
labeled deoxyribonucleic acid triphosphates to provide
chemiluminescence detection, and the C-TRAK colorimetric
assay.

another approach is real time quantitative PCR
|Perkin-Elmer Cetus, Norwalk, Ct.). A fluorogenic probe,
consisting of an oligonucleotide with both a reportex and
a guencher dye attached, anneals specifically between the
forward and reverse primers. Osing the 5° endonuclease
activity of Tag DNA polymerase, the reporter dye is
separated from the gquencher dye and a2 sequence~specific
signal is generated and increases as amplification
increases. The - fluorescenée intensity can be.
continnously monitored and guantified during the PCR
reaction.

another approach for - detection of BR43x2
expression is cycling probe technology {CPT)}, in which a
single~stranded DNA target binds with an excess of DNA-
RNA-DNA chimeric probe to form a complex, the RNA portien
is cleaved with R¥ase H, and the presence of c«leaved
chimeric probe is detected {see, for example, Beggs et
al., J. Clin. Microbicl. 34:29B5, 1996 and Bekkaocui et
21., Biotechnigues 20:240, 1396).  Alternative methods
for detection of BR43xZ sequences can utilize approaches
such a5 nucleic acid seguence-based amplification

(HASBA}, cooperative smplification of templates by cross-
hybridization {(CATCH}), and the ligase chain reaction
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{LCR} (see, for example, Marshall et al., U.S. Patent No.
5,686,272 ({1957), Dyer et al., J. Virel. Methods €0:161,
1986; Ehricht et al., Eur. §. Biochem. 243:338, 1937 and
Chadwick et al., J. Virol. Methods 70:5%, 1998). Other

standard methods are known to those of skill in the axt.
BR43x2 probes and primers can also be used to

. detect and to localize BR43x2 gene expression in tissue

samples. Methods for such in site hybzidization are
well-known to these of skill in the art [see, for
example, Choo {ed.}, IR Situ Hybridization Protocols,

Humana Press, Inc., 1994; Wu et al. {eds.}, “Analysis of
Cellular DNA or hbundance of mRHA by Radicactive In Situ
Hybridization (RISH},” in Methods in Gene Biotechnology,

CRC Press, Inc., pages 258-278, 1297 and Wu et al. [eds.),
vLocaliration of DNA or Abundante of mRNA by Fluorescence
In S8itu Hybridizatioa (RISH),” inm Methods in Gene

Biotechnology, CRC Press, Inc., pages 279-2B8, 1987).

various additional diagacstiz appreoaches are
well-known to those of skill in the art ({see, for
example, Mathew ({ed.}, Protocols in Human Molecnlar
Genetics Humana Press, Inc., 1991; Coleman and Tsongalls,

Molecular Diagnostics, Huomana Press, Ine., 1986 and
Elles, Melecular Diagnosis of Genetic biseases, Humana
press, Inc., 1996).

In additien, smuch polyavcleotide probes could
be wused Lte hybridize to counterpart sequences on
individual chromosomes. Chromosomal  identificatlion
andfor mapping of the BR43x2 gene counld provide wuseful

information about gene function and disease association.
Many mapping technigues are available to one skilled. in
the art, for example, mapping somatic cell hybrids, and
flucrescence in sits hybridization (FISH). A preferred
method is radiation hybrid mapping. Radiation hybrid
mapping is a somatic cell genetic technigue developed for
constructing high~reselution, contiguous  maps af

mammalian chromosemes {Cox et al., Science 250:245-50,
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1950). Partial or full knowledge of a gene's seguence
allows the designing of PCR primers suitable for use with
chromosomal radiation hybrid mapping panels.
Commercially available radiation hybrid mapping panels
which cover the entire human genome, such as the Stanford
G3 RH Panel and the GeneBridge 4 RH Panel [Research
Genetics, Inc., Hunteville, AL}, are available. These
panels enable rapid, PBCR based, chromosomal leccalizations
and ordering of genes, seguence-tagged sites {575s), and
other non-polymarphiec- and polymerphic markers within a
regiocn of interest. This includes establishing directly
proportional physical distances between newly discavered
genes of dinterest and previously mapped markers. The
precise knowledge of a gens’s position can be useful in a
number of ways intluding: 1} determining if a seguence is
part of an existing contig and obtaining additional
surrounding genetic seguences in various forms such- as
YAC-, BAC~ or c¢DNA clones, 2) providing a possible
candidate gene for an inheritable disease which shows
linkage to the same chromosomal region, and 3} for cross-
referencing model organisms such as’ mouse which may be
beneficial in helping to determine what Ffunction a
particular gene might have. .
Chromosomal localization can also be done using
§TSs. An 575 4is a DNA sequence that is unigue in the
human genome and can be used as a reference point for a
particular chromosome or region of a chromesome. An S5TS
can be defined by a pair of oligonucleptide primers that
can be wused in a polymerase chain reaction ' to
specifically detect this site in the presence of all
other genomic sequences. Since STSs are bhased solely on
CNA sequence they can be completely described within a
database, for example, Database of Sequence Tagged Sites
{dSTSY, GenBéak, {National Center for Biological
Information, Naticnal Institutes of Health, Bethesda,’ ¥MD
http://www.ncbi.nlm.nih.gov), they can be searched with a
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gene sequence ol interest for the mapping data contained
within these short genomic landmark 5TS sequences.

The present inventien also provides reagents
for additional diagnostic applications. For example, the
BR43x2 gene, a probe comprising BR43x2 DNA or RNA, or a
subsequence thereof can be used to determine if the
PR43x2 gene is present on a particular chromosome or if 2
matation has occurred. © Detectable chromosomal
aberrations at the BR43x2 gene locus include, but are not
limited to, ansuploidy, gene copy numbezr <hanges,

insertions, deletions, restriction site changes and

rearrangements. These aberrations can occur within the
coding sequence, within introns; or within £lanking
sequences, including upstream promoter and regulatory
regions, and may be manifested as physical alterations
within a coding seguence or changes in gene expression
leval.

In general, these diagnostic methods comprise
the steps of (a) obtaiding a genetic sample from =2
patient; (b) incubating the genetic sample with 2
polynucleotide probe or primer as disclosed above, undex
conditisns wherein the polynucleotide will hybridize to
complementary polynvcleotide sequence, to produce a3 fizst
reaction product; and (iii) coemparing the first reactlon
product to a centrol reaction preduct . A difference
between the [first reaction product and the control
reaction product is indicative of a genetic abnormality
in the patient. Genetic samples for use within the
present inventien include genomic DNA, cDMA, and RNA.
The polymnucleotide probe or primer can be RNA or DRA, and
will comprise a portion of SEQ ID NO:3, the complement of
SEQ ID NO:1, or an RNA eguivalent thereof. Suitable
assay methods in this regard include molecular genetie
technigues known to those In the art, such as restriction
fragment length polymorphism {RFLP) analysis, short
tandem repeat ([STR} analysis employing FCR technigques,
tigation chaip reaction {Barany, PCR  Methods and
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applications’ 1:5-16, 1391}, ribonuclease protection
assays, and other genetlc linkage analysis technigues
known in the art ({Sambrook et al., ibid.; BAusubel et.
al., ibid.; Marian, Chest  108:255-65, 1985).
Ribopuclease protection assays {see, e.g., Ausubel et
al., ibid., ch. 4) comprise the hybridization of an RNA
probe to a patient RNA sample, after which the zeaction
product [RNA-RNA hybrid) is exposed to RNase., Hybridized
reqiens of the RNA are protected "fram digestiom. Within
PCR assays, a patient’s genetic sample is incubated with
a pair of polynucleotide primers, and the region between
the primers is amplified and recovered. Changes in size
or amount of recovered product ave indicative of
matations in the patient.  Another PCR-based tez:hné:que
that can be employed is single strand conformational
polymorphism ({SSCP) analysis {Hayashi, PCR Methods and

Applications 1:34-8, 1991}.
Antisense methodology can be used to inhibit

BR43x2 gene transcription, such as te inhibit B cell

development and interactiocn with other cells.
polynucleotides that are complementary to a segmeat of a
BR4IxZ-encoding pelynuclentide {e.g., a polynucleotide as
set forth in 5EQ ID N0:3) are designed to bind to BR43x2-
encoding mRNA and to inhibitr translation of such mRNA.
such antisense polynucleotides are used to  inhibit
expression of BR43x2? polypeptide-encoding genes in cell
culture or in a subject.

Miecs engineered to express BR4A3x2, referred to
as “transgenlic mice,” and mice that exhibit -2 complete
absence of BR43x2 fupction, referred to as "knockout
mice,” may also be generated {Snouwaert et .al., Scienca
257:1083, 1992; Lowell et al., Nature 366:740-42, 1993;
Capecchi, Sclence 244: 12§8-52, 1589; Palmiter et al.
Anpu  Rev  Genet. 20: 465-9%, 1586). For example,

transgenic  mice that over-express BR43x2,  aither

uhiguitously or under a tisswe-specific or tissue-
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restricted promotex can be used to ask whether over-
expression causes & phemotype. For example, over-
expression of a wild-type BR43x2? polypeptide, polypeptide
fragment or a mutant thezeof may alter normal cellul.ar
processes, resulting in a phenotype that identifies a
tissue in which BRi3x2 expression 1is functionally
ralevant and may indicate a therapeutic target for
BR43x2, its agonists or antagonists. For example, 2
preferred transgenic mouse to engineer ia one that over-
expresses soluhle BP."Ef!xZ. Hozéover, such over-expression
may result in a phenotype that shows similarity with
human diseases. Similarly, ¥nockout BR43x2 mice can be
used to determine where BR43x2 is ahbsolutely reguired in
vivo. The phanotype of knockout mice is predictive of
the ip vive effects of that a BR43x2 antagonist, such as
those described herein, may have. The human BR43Ix2 cDNA
can be used to isolate murine BR43x2 mRNA, cDHA ‘and
genomic DNA, vhich are subsequently used to generate
knockout mice. These mice may be employed to study the
BPR43x2 gene and the protein encoded thereby in an in vive
system, and can be used as ‘in  wvivo rnodels for
co:re-sponding human diseases. Moreover, transgenic mice
expression of BR43x2 antisense polynucleotides or
ribozymes directed agaihst BR43x2, described herein, can

be used anslogously to transgenic mice described above.

Pharmacevtically effective amounts of BR43x2
polypeptides of the present invention can be Formulated
with pharmacentically acceptable carriers for parenter"al,
oral, nasal, :ectal', topical, transdermal administration
or the like, according to conventional methods.
Formulations may further include one or more diluents,
fillers, emulsifiers, preservatives, huffers, excipients,
and the like, and may be provided in such forms as
liguids, powders, emulsions, suppusitories, liposomes,
transdermal patches and tablets, for example., Slow or
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extended-release delivery systems, including any of 2
number of biopolymers {biolegical-based systems), systens
employing liposomes, and polymeric delivery systems, can
also be utilized with the compositions described herein
to provide a contimuous or long-term source of the BR43x2
polypeptide or antagomist. Such slow release systems are
appliceble to formmlations, for example, for oral,
topical and parenteral uose. The term “pharmaceutically
acceptable carrier” refers to a carrier. medium which does
not Jinterfere with the effectivepess of the biological
activity of the active ingredfents and whizh is not texic
to the host or patient, One skilled in the art may
formulate the compounds of the present iavention in an
appropriate manner, and in accordance with accepted
practices, such as those disclosed in Remington: The
Science and Practice of Phaohacy, Gennaro, ed., Mack
Publishing €o., Easton PA, 15th ed., 1895,

As used hereln a “pharmaceutically effective
amount® of a BR43xZ polypeptide, agonists or antagonist
is an amount sufficient to induce 2 desired bioclogical
result. The result can be alleviation of the signs,
symptons, or causes of a disease, or any other desired

alteration of a biological " system. For example, an
effective amount of a BR43x2 polypeptide is that which
provides either subjective relief of symptoms or an
objectively identifiable improvement as noted by the
clinician or other gualifled observer. For example, such
an effective amecunt of a BR43xZ polypeptide would prov'ide
a decrease in B cell response during the immune response,
inhibition or decrease in autoantibedy productioen,
inhibition of diminution of symptoms associated with SLE,
MG or RAE. Effective amounts of the BR43x2 polypeptides
can vary widely depending on the disease or symptom to be

treated. The amount of the polypeptide te be
administered and its concentration in the foermulations,
depends upon the vehicle selected, route of

administration, the potency of the particular




GealiorTon”

10

15

20

25

30

35

78

polypeptide, the clinical condition of the patient, the
gide effects and the stability of the compouna_in the
formulation. Thus, the c¢linician will employ the
appropriate preparation  containing the appropriate
concentration in the formulatlen, as well as the amount
of formulation administered, depending upon ¢linical
experience with the patient in guestion or with similar
patients. Surh amounts will depend, im part, on the
particular comdition to be treated, age, weight, and
gensral health of the patient, and other factors evident
to thase skilled in the art. Typleally a dose will be in
the range of 0.1-100 ng/ka of subject. poses for
specific compounds may be determined from in vitro ox ex
vivo stpdies in combination with studizs on experimental
animals. Concentrations of compounds found te be
effactive in vitro or ex vive provide guidance for animal
studies, wherein doses are caleculated to provide similar
concentrations at the site of action.

The invention is further illustrated by the
following non-limiting examples.

EXAMBLES

Example 1
Identification of BR43IxZ

The TACI isoform was cloned from RPHI array
library using secretion trap approzach. An REMI 1788
lactivated B-cell 1ine) library was arrayed using twenty
96-well plates. Each well contained about 100 E. cold
colonies, with each colony containing one ¢DRA clone.
DNA minipreps Qere prepared in 56-well format using ‘the
TomTech Cmadra 9600. The isolated DNA was then pooled
into 120 pools which represent 1600 clenes each. These
pools were transfected into Cos-7 cells and plated into
12-well plates. Three microliters of pool DHA and 5 ul
LipofectAMINE were mixed in 92 pl serum-free DMEM media
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{55 mg sodivm pyruvate, 146 mg L-glutamine, 5 mg
transferrin, 2.5 mg insulin, 1 pg selenium and 5 mg
fetuin in 500 ml DMEM}, incubated at zoom temparature for
30 minutes, follewed by addition of 400 ul serum-free
DMEM media. The DNA-LipofectAMINE mix was added onto
220,000 Cos-7 cells/well plated on lz—wéll tissue culture
plates and incubated for 5 hours at 37°C. Following
incubation, 500 pl of 20% FBS DMEM media {100 ml EBS, 55
mg sodium pyruvate and 146 mg L-glutamine in 500 ml DMEM)
was added to each well and the cells were incubated
evernight.

The secretion trap screen was performed using
biotinylated, FLAG-tagged ztnf4. The cells were rinsed
with PBS and fixed for 15 minutes ‘with 1.8% formaldehyde
in PBS. The cells were then washed with THT {0.1 M Tris-
HC1, 0.15 ¥ NaCl, and 0.05% Tweep-20 in Hp0}. Cells were

‘permeated with 0.1% Triten-X in PBS for 15 minutes

followed by a wash in TNT. The cells were blocked foz 1
hour with TNB {0.1 M Tris~HC}, 0.15 ™M RaCl and O.5%

‘Blocking Reagent) using a NEN Renaissance® TSA-Direct Kit

{HEN, Boston, MA) accerding the manufacturer’s
instruction. The cells were washed with TNT and blocked
for 15 minutes with avidin and then biotin {Vector Labw
Cat$é 5P-2001) washing in-between with THT. The cells
were incubated for 1 heur with 1 pg/ml ztnf4/Flag/Blotin
in THB followed by a THT wash. The cells were then
incubated for ope Thour with a 1:300 dilution of
streptavidin-HRP (NEN} in TNB, and washed with TRT.
Hybridizations were detected with Eluorescein tyramide
reagent diluted 1:50 in dilution buffer ({NEN} -and
incubated for 4.4 minutes and washed with TNT. Cells
were preserved with Vectashield Mounting Media {Vector
Labs, Burlingame, CA) diluted 1:5 in TNT.

The cells were visualized by fluorescent
microscopy using a FITC f£ilter. Twelve pools were
positive for ztnf4 binding. Fool D3 (representing Y600
clones} was broken down and a single clone (DB-1},
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positive for ztnf4 binding, was isclated. Sequencing
analysis revealed clqne, DB8-1, contained a polypeptide
sequence which encoded an isoform of TACI, in which the
phe?l-Arg6? first cysteine-rich psendo repeat of TARCI was
replaced by a single amine acid residue, tryptophan.
This isoform was designated BR43x2, the polynucleotide
sequence of which is presented in SEQ ID NO:1.
Example 2

Localization of BR43xI (TACT) in Lymphocytes and
- Monocytes

Reverse transcriptase PCR was used to localize
BR43x1 (TACI} expression in T and B cells and monocytes.
Dligonucleotide primers 2C18280 (SEQ ID NO:13) and
7019881 {SEQ ID HD:14} were used to screen CD15*, CD3* and
monocyte c¢DNA  for BR43. The reverse transcriptase
céaction was carried out at 94°C for 3 minutes, followed
by 38 cycles at 949C for 30 seconds, 68°C for 2 minut;s
and 72°C for 1 minute, followed by a 7 minute extension
at 72°C. A batd of the exp'ected size, 720 bp, was
detected in B cells only and not in activated T cells as
had been reported for TACI wsipg antibodies {von Billow

and Bram, ibid.}.

Example 3

B cell Proliferation Assay using the BR43 Ligand Ztnfd

{neutrokine o}

A vial containing 1 x 10" frozen, aphere'sed
peripheral blood mononucleax cells {PBMCs) was quickly
thawed im 37°C water bath and resuspended in 25 ml B cell
medium (Iscove's Modified Dulbecce's Medium, 10% heat
inactivated fetal bovine serum, 5% lL-glutamine, 5%
Pen/Strep) in a 50 ml tube, Cells were tested for
viability using Trypam Blue (GIBCO BRL, Gaithersburg,
MD}. Ten milliliters of Ficoll/Bypague Plus (Pharmacia
LKB Biotechnology Inc., Piscataway, NWJ) was layered under
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cell suspensien and spun for 30 minutes at 1800 rpm and
2llcwsd to stop with the brake off. The interphase layer
was then removed and transferred te a fresh 50 ml tube,
brought up to a final volume of 40 ml with PBS and spun
for 10 minutes at 1200 rpm with the brake on. The
viability of the isolated B cells was tested using Trypan
Blue. The B cells were resuspended at a final
concentration of 1 x 10% cells/ml in B cell medium and
plated at 180 pi/well in a 86 well D bottom plate
{Falcon, VWR, Seattle, WA).

To the cells were added one of the following
stimulators te bring the final volume to 200 ml/fwell:

sSoluble, FLAG-tagged ztnf-4sCE or ztni-4sNF, at
10 fold dilutions from 1 mg-1 ng/ml either alone, with 10
pg/ml anti-Igh (goat apti Human IgM) diluted in HaH,Chy,
ph 9.5,  [Southers Biotechnology Associates, In‘;:.,
Birmingham, AL); or with 10 pg/ml anci-Igh, and 10 ng/ml
recombinant human IL4 {diluted in PEBS and 0.1% B5A}.
Additionally, other cytokines such as I.-3 and IL-€ as
well as a socluble CD40 (s5CD40) antibody (Pharmingen, San
Diego, CA] were rested as well. As a control the cells
incubated with 0.1% bovipe serum albumen {BSA} and PBS,
10 po/ml sati-Ig¥ or 10 pg/ml anti-Ig4 and 10 ng/ml IL4
{or other cytokines). The cells were then incubated at
370C in a humidified ipcubater for 72 hours. Sixteen
hours prior to harvesting, 1 pCi °E thymidine was added
to all wells. The cells were harvested imto a 56 well
filter plate (UniFilter GE/C, Packard, Merliden, CT} were
they harvested using a cell harvester (Packard) and
collected according te manufacturer's instructions. The
plates were dried at 559C for 20-30 minutes and the
bottom of the wells were sealed with an opague plate
sealer. To each well was added 0.25 ml of scintillation
fluid [Micrescint-D, Packardl and the plate was read
using a TepCount Hicroplate Scintillation Counter
{Prckard}.
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To measure indoction of IgG production in
response to various B cell mitogens following stimulation
of purified B cells, cells were prepared as described and
incubated for 9 days. The cell supernatant was collected
to determine IyG production. )

To measure cell surface marker activation in
response to varioups B cell mitogens following stimulation
of purified B cells, cells were prepared as described
above but incubated only 4B hours. Cell surface markers
were measured by FACS analysis.

Protiferation of huoman purified B cells
stimulated with the various B cell mitogens is supmarized

in Table 5:
Table 5
Stimmlus Proliferative Index
ztnfd (neutrokine a} 1.5
ztnfd + ILd 5.9
ztnf4 + anti-Igh + IL4 15.8

A synerglstic affect of ztnfd {neutzokine a)
with TL4, IL3 (10 pg/ml) and ILS (10 pg/ml) was seen on B
cell proliferation. A two fold increase in B cell
signaling was &een when using sCD40.

Induction of IgG production {ng/ml} in response
to various B cell mitogens following stimulation - of
purified B cells is summarized in Table 6.

Table &

stimulus Control ztnfd
[neutrokine )

anti-TgH 3 . 1.5
anti-Ig¥ + IL-4 13 3z
anti-Ig¥ + IL-§4 + IL-5 10 45

An increase in cell sucface activation markers
after stimuitation of purified B cells with ztnf4
[neutrokine a) alone, or with anki-IgM or anti-Ig¥ & IL-4

was seen. There was ne effect on the prollferation” of
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PBMNCs in the presence of optimal or suboptimal T cell
mitogens. Rlso; no affect onp TNFa production was seen im

purified monocytes in response to LPS stimulation.

from the foregeing, it will be appreciated
that, although specific empodiments of the invention have
been described bherein for purposzs of illustration,
various medifications may be made without deviating from
the spizit and scope of the invention. BAcceordingly, the
invention is not limited except as by the appended

claims.
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CLAIMS

We claim:

1. An isolated polynucleotide molecule encoding 2
polypeptide having the sequence ef SEQ ID nO: 4.

2. An isolated polypeptide having the sequence of
SEQ ID NO:4.

3. A method of iqhibiting mentrokine o activity
in a mammal comprising administering to said mamgsal an amount
of a compound selected from the group consisting of:

a) a polypeptide of SEQ ID NO:d;

b} a poliypeptide of SEQ ID NO:B;

c) a fusion protein:

d) a polypeptide of SEQ ID WO:5 from amino acid
residue 1 to residue 166;

e} a polypeptide of 3EQ ID NO:6 from amino acid
residue 1 to residue 150;

f} an antibody or antibody fragment which
specifically binds to a pelypeptide of SEQ ID RO:4; and

gl an antibody or antibedy fragment which
specifically binds to a polypeptide of SEQ ID HO:B.
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SOLOBLE RECEPTOR BR43x2
ABSTRACT OF THE DISCLOSURE

Soluble, secreted tumor necrosis factor receptor
polypeptides, polynucleotides encoding the polypeptides, and
related compositions and metbods are disclosed. The
polypeptides cooprise one cysteine-rich repeat that is
homologous to other tumor necrosis factor reeceptors, such as
transmembrane activator and -CAML-interactor (TACI). The
polypeptides may be used for detecting ligands, agonists and
antagonists. The polypeptides may alsc be wsed in methods
that wmodulate B cell activation.
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SEQUENCE LISTING

<)10> Gross, Jang
Xu, Wenfeng
Hadden, Karen
Yee, David

<12(> Soluble Receptor BRA3xZ

<130> 9B-75X

<160> 14

<}70> FastSEQ for Windows Version 3.0

<218 1

<2ll> 1192

<Z17> DA

<Z13> Homo sapiens

2>
221> (05
22> (6)...(746)

<Al 1
gagta ety agt goc ctg guc cgg 2Qc 2gy cga ggt ggc cgg age cgt gig
Met Ser Gly Leu Gly Arg Ser Arg Arg Gly 61y Arg Ser Arg Yal
1 5 10 15

gat cag gag gag cgc tgy tca ctc ege tge Cgo sag GRG Caa goc a8y
fsp Gln Glu 61u Arg Trp Ser Leu Ser Cys Arg Lys Gilu Gln Bly Lys
20 25 36

ttc tat gac cat cte cty agg gac tgoatc age tot gec tee ate tot
Bhe Tyr Asp His Leu Leu Arg Asp Cys 1le Ser Cys Ala Ser Ile Cys
3B 40 ©4L

oga cag cac cet aag caa tob gea tac ttc tot oag aac sag cic agg
&1y Bln His Pro Lys Gin Cys Ala Tyr Phe Cys Glu Asn lys Leu Arg
50 55 60

age cca gig sac cit cca coa gag cte agg aga Cag <99 agt gga gas
Ser Pro Val Asn Leu Pro Pro Glu Leu Arg Arg 5in Arg Ser Gly Glu
65 70 75

590

i

146

194

242
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gtt gea aac ast tca gac sec teg qga apg tac caa gga tig gag cac 290
Val Blu Asn Asn Ser Asp Asn Ser 61y Arg Tyr 6In 61y Leu Glu His
&0 Ba . 80 %

aga gge tea gaa gea agt cca get ofc ooy gog oty 8ag ctg aght gca 338
Arg Gly Ser Glu Ala Ser Pro Ala Leu Pro Gly Leu Lys Lev Ser Ala .
100 105 110

gat cag gtg geo cip gic tac age acg ctg gog cte tge ctg tgt geo 365
Asp fiin Val Ala Lew Val Tyr Ser Thr Leu Gly Leu Cys Lea Cys Ala
115 120 125

gte cte toc toc tic ctg gty gog gtg gec tgc tic cte 229 sag agg 44
Val Leu Cys Cys Phe Les Val Ala Val Ala Cys Phe Leu Lys Lys Arg
13¢ 135 140

ggg gat cce toc toc tgo cag cor ¢gc toa agg coc oot cas aot ccg 482
Gly Asp Pro Cys Ser Cys Bla Pro Arg Ser Arg Pro Arg Gln Ser Pro
145 150 155

gee aag tot tec cag gat cac gog atg gaa gec gyc age cct gty age - 530
Ala Lys Ser Ser Gln Asp His Ala ¥et Glu Ala Gly Ser Pro Val Ser
160 165 170 175

aca, tcc coc 92g £ca gty gag ace tge age tic fge tic cct gag toc 578
Thr Ser Pro Glu Pro Val Glu The Cys Ser Phe Cys Phe Pro Glu Cys
180 185 198

ag0 gcg CCC acg £ag 989 2ge g-ca gtc acg cct .ggy acc oot gac ooe " 626
Arg Ala Pro The Gln Glu Ser Ala Val Thr Pro 61y Thr Pro Asp Pro
195 200 205

act tgt gct gga 2pg tgy gop toc cac acc agg ace aca gic ctg cag 674
Thr Cys Alz Gly Arg Trp Gly Cys His thr Arg Thr Thr Vel Les &In
210 215 220

cct toc ccg cac atc coa gaé agt ggc ctt goe att gtg tgt gbg oot 122
Pro Cys Pro His 1le Pro Asp Ser &1y Leu Gly Ile Vat Cys Val Pro
225 230 235

gce cag gag gog ggc ota ggt gea baastogogg tCagggagsg adaquaQgag 776
Ala &1n &1u Gly Gly Pro Gly Ala
240 245

ggagagagat gUAgaguagy ggagepanas 2gagacatay 0ylysnodga gagagataty B35
ag0agayags gacAgaouag gCagagagyg agagasacay aggayacaga gagggagsge 896
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gagacagagy gagagagafa cagagongad 0agangcags dagygasaua ggcagagasy
Qaaagaggca gagaggoaga gaggcagage gIgagagagy Cogagagaca gagagggaga
oaongacags gagagataga goansancte goapcactct casteccagt teecagigoa
actotaggtc gteatcacct aaccacacgt geagtsaaght ectegtgect octecteaces
geecergage goccctocte ctogagaata aaacctitgy capetgooct tecica

<210> 2

211> 247

<21 PRT

<213> Homp sapiens

<AB> 2
Met Ser 61y Leu 61y Arg Ser Arg Arg Gly Gly Arg Ser Arg Val Asp
1 5 10 15
GIn Gl Glu Arg Trp Ser Leu Ser Cys Arg Lys Glu Gln Gly Lys Phe
20 25 3¢
Tyr Asp His Leu ke Arg Asp Cys Ile Ser Cys Ala Ser Ile (ys Gly
KL 40 45
Gln His Pro Lys Gin Cys Ala Tyr Phe £ys Glu Asn Lys Leu Arg Ser
L] 55 7]
Pro Val Asn Leu Pro Pro Glu Leu Arg Arg GIn Arg Ser Gly Glu Va)
&5 70 75 80
Elu Asn Asm Ser Asp Asn Ser Gly Arg Tyr Gln Gly Leu Glu His Arg
85 an g5
&1y Ser Glu Ala Ser Pro Ala Leu Pro Gly Leu Lys Leu Ser Ala Asp
100 105 118
Gin Yal Alz Leu Yal Tyr Ser Thr Leu Gly Leu Cys Leu Cys Ala Val
115 120 125
Leu Cys Cys Phe teu val Ala Val Ala Cys Phe Leu Lys Lys Arg Gly
130 13 140
Asp Pro Cys Ser Cys Gln Pro Arg Ser Arg Pro Arg Gin Ser Pro Ala
145 150 155 16¢
Lys Ser Ser GIn Asp His Ala Het Giu Ala Gly Ser Pro Val Ser Thr
165 179 175
Ser Pro Glu Pro Val Gle Thr Cys Ser Phe Cys Phe Pro Glu Cys Arg
183 185 150
Ala Pro Thr Gin Glu Ser Ala Val Thr Pro Gly Thr Pro Asp Pro Thr
195 200 205
Cys Ala Gty Arg Trp Gly Cys His The Arg Thr Thr Val Leu GIn Pro
. 210 Z15 220
Cys Pro His Iie Pro Asp Ser 81y Leu 81y Ile Val Cys Val Pro Als
225 230 235 249
GIn Glu GYy Gy Pro Gly Ala
245

<2l 3

956
1616
1076
1136
1192
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<?11> 360
212> DNA
<?13> Homo sapiens

<%
<221> CO5
<222~ (1)...(350)

<40 3

atg agt agc ctg 99 cpg age agy cga ggt gge cyy age oyt oty gar

Het Ser &y Leu Gly Arg Ser Arg Arg Gly Gly Arg Ser Arg V31 Asp
1 5 10 15
cap gag gag cgo tog tea cfe age toc cge aag gay caa goc aag ttc
8in Glu Glu Arg Trp Ser Leu Ser {ys Arg Lys Glu Gla 61y Lys Phe
20 25 39

fat gac cat cte ctg agg osc toc atc age tgt gee teo abe tot goe
Tyr Asp His Leu Leu Arg Asp Cys Ile Ser Cys Ala Ser lie Cys Gly
kS 4 45

£ag cat cct ang caa tgt gra tac ttc tol gag aac aag cto ang age
Gln His Pro Lys &1n Cys Ale Tyr Phe Cys Blu Asn Lys leu Arg Ser
50 55 &

. t£a gty 3ac ctt cca cca gag cic ago aga cag cog agt gge gea gtt

Pro Val Asn Leu Pro Pro Glu Lev Arg Arg BIn Arg Ser Gy Glu Val
65 76 75 B0

ga3 aac 3at tca.gac asc LCU gga 299 Lac tas ggd ttg gag cac 2ga
Glu Asn Asn Ser Asp Asn Ser Gly Arg Tyr Gin Giy Leu Glu His Arg
85 g g5

goc tca gaa goa agt cea get cic ceg gog ctg asg cig agt oca gat
Gly Ser Glu Alz Ser Pro Ala Leu Pro Gly leu Lys Leu Ser Ala Asp
100 105 110

¢ag gtg gec ctg gte tac age acg
Gin Val Ala Leu Val Tyr Ser Thr
115 120

Tl 4
<Z11> 120
<712 PRT
<213 Homo sapiens

48

5

144

192

240

288

336

360
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<4bf> 4
Met Ser Gly Leu Gly Arg Ser Arg Arg Gly Gly Arg Ser Arg Val Asp
1 5 10 15
Gin Gl Glu Arg Trp Ser ‘Leu Ser. Cys Arg Lys Giu Gln G!y Lys Phe
20 25
Tyr Asp His Leu Ley Arg Asp Tys Ile Ser {ys Ala Ser ne Cys Bly
33 40 45

_Gln His Pro Lys GIn Cys Alz Tyr Phe Cys §lu Asn Lys Leu Arg Ser

50 55 b0
Pro Val Asn Leu Pro Pro Glu Leu Arg Arg BIn Arg Ser Bly Glu Vsl
B5 i 75 a0
E1y Asn Asn Ser As;a Asn Ser Gly Arg Tyr Gin Gly Leu Gy His Arg

95
Gly Ser Glu Ala Ser Pro Ala Leu Pro G}y Leu Lys Leu Ser Ala Asp
108 105 110
Gln Vol Ala beu Val Tyr Ser Thr ,
115 120

<10> 5

<g1l> 199

<212 PRT

<Z13> Homp sapiens

400> 5

Het Ser Gly Leu Bly Arg Ser Arg Arg Gly Gly Arg Ser Arg Val Asp
1 15

GIn Glu Glu Arg Phe Pro 61n Gly Ley Trp Thr Gly Val A1a Met Arg

20 25
Ser Cys Pro Glu Glu 6in Tyr Trp Asp Pro Leu Leu Gly Thr Cys Mgt
35 Ll 45
Ser Cys Lys Thr Ile Cys Asn His GIn Ser Gin Arg Thr Cys Alz Ala
50 55 60

Phe Cys Arg Ser Leu Ser Cys Arg Lys Glu 8In 6ly Lys Phe Tyr Asp
65 70 75 ]

His teu Leu Arg Asp Cys Ile Ser Cys Ala Ser lle Cys Gly Gin His

85 90 85
Pro Lys Gln Cys Ala Tyr Phe Cys Glu Asn Lys Leu Arg Ser Pro Val
100 105 118
Ask Leu Pro Pro Glu Leu Arg Arg Gln Arg Ser Gly Glu Val Giu Asn
115 120 125
Asn Ser Asp Asn Ser Gly Arg Tyr Gln Gly Leu Glu His Arg Gly Ser
130 135 140

Glu Ala Ser Pro Ala Leu Pro Gly Leu Lys Leu Ser Ala Asp Eln Val
145 150 155 160
Ala Leu Va3 Tyr Ser Thr Leu Gly Leu Cys Leu Cys Ala Val Leu Cys
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165 178 175
Cys Phe Leu Val Ala Vel Ala Cys Phe Leu Lys Lys Arg Gly Asp Pro
180 185 190
Cys Ser Cys Gln Pro Arg Ser
195 ’

<210 6

<2ii> 184

<2}2> PRY

<?13> Homo sapiens

<400> 6
Het Leu Bln Met Ala Gy Gin Cys Ser Gin Asn Gl Tyr Phe Asp Ser
5 10
Leu Leu His Ala Cys Ile Pro Cys 6Tn Lev Arg Cys Ser Ser Asn Thr
20 25 i
Pro Pro Lew Thr Cys Gin Arg Tyr Cys Asn Ala Ser Val Thr Asn Ser
3 a0 15
val Lys Gly Thr Asn Ala I‘Je Leu Trp Thr Cys Leu 61y Leu Ser lev
50 55 ' 60
$ie 11e Ser leu Ala Val Phe ¥a) Leu Hat Phe Leu Leu Arg Lys I]e
65 70 75
Ser Ser Blu Pro Leu Lys Asp Glu Phe Lys Asn Thr Gly Ser {ﬂy Leu
85
Leu B3y Met Ala Asn Ele-Asp Leu Glu Lys Ser Arg Thr Gly Asp Glu
180 105 110
Ile Iie Leu Pro Arg Gly Leu 6Tu Tyr Thr Val Bl Glu €ys Thr Cys
115 120 125
Glu Asp Cys Ile Lys Ser Lys Pro Lys Val Asp Ser Asp His Cys Phe
130 135 140
Pro Leu Pro Als Het Glu Glu Gly Ala Thr 1le Leu Val Thr Thr Lys
145 150 155 160
Thr Asn Asp Tyr Cys Lys Ser Leu Pro Ala Ala Leu Ser Ala Thr Blu
165 170 175
118 Glu Lys Ser Ile Ser Ala Arg
180

<217

<211> 245

<212 PRT

<213> Homo sapiens

<400> 7

Gly Arg Ser Arg Arg 81y Rly Arg Ser Arg Val Asp Gin 61z Glu Arg
5 15

1
Phe Pro 61n Giy Leu Trp Thr Gly ¥al Ala Hat Arg Ser Cys Pro Giu
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2 25 30
Glu &§in Tyr Trp Asp Pro tew Leu Bly Thr Cys Met Ser Cys Lys Thr
35 40 45
Tle Cys Asn His Gln Ser Gln Arg Thr Cys Alz Ale Phe Cys Arg Ser
50 55 ]
Leu Ser Cys Arg Lys Glu Gin Gly lys Phe Tyr Asp His Leu Leu Arg
65 70 5 80
Asp Cys Ile Ser Cys Ala Ser Ile Cys Gly 8ln His Pro Lys &1n Cys
85 90 95
Az Tyr Phe Cys Glu Asn Lys leu Arg Ser Pro Val Asn Leu Pro Pro
100 105 110
8lu Leu Arg Arg 8In Arg Ser Gly Glu ¥a) Glu Asn Asn Ser Asp Asn
115 120 125
Ser Gly Arg Tyr 61n Gly ieu 61u His Arg Gly Ser Glu Ala Ser Pro
130 135 140
Ala Leu Pro Gy Leu Lys Leu Ser Ala Asp Gin Val Ala Lew Val Tyr
145 150 155 160
Ser Thr Leu Gly Leu Cys Lew Cys Ala Val Lev Cys Cys Phe Leu Val
165 170 175
Kla Val Ala Cys Phe Leu Lys Lys Arg 61y Asp Pro Cys Ser Cys Gin
180 185 190
Pro Arg Ser Arg Pro Arg Gln Ser Pro Ala Lys Ser Ser Gin Asp His
185 200 205
Ala Met Glu Ala Gly Ser Pro Val Ser Thr Ser Pro Glu Pro Va1 6lu
210 215 220 .
Thr Cys Ser Phe Cys the Pro 6lu Cys Arg Ala Pro Thr Gin Glu Ser
225 230 235 240
Ala Val Thr Pro Gly
245

<210~ 8

<Z11> 40

<Z212> PRY

<213 Motif describing cysteArtificia) Sequence

<220
<223 Wotif describing cysteine-rich pseudo-repeat
domain

<221> VARIANT

<22 (...{2)

<223 Each Xas is independently any amine acid residue
except cysteine, or absant

<221> YARLANT
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<222 {4).. (4}
<223 Xaa s any a_mina acid residue except cysteine

<Z21> VARIANT

<222 (5)...(5)
<z23> Xaa is glutamine. glutamic acod or lysine

<221> VARIANT

<Z222> {6)...(6)

<223> ¥as is glutemine, glutamic acid, Tysine,
asparagine, arginine, aspartic acid, histidine or
serine

<221> VARIANT
<22 {N)...(7)
<223 Yoa is glutamine or glutamic acid

<221> VARIANT

<Z2zz> (B)...(})

<223> Each Xaa is independently any amino acid residue
except cysteine or absent

<ZZ1> VARIANT
<222> {10}...(11)
<223 ¥aa is tyrosing, phenylalanine or tryptophan

<Z21> VARIART
<@2> (13). . .{13) -
<223 Xaa is any amino acid residue except cysteine

<221> VARIANT

<222= (16).. .17}

<Z23> Each Xaa is independently any amino acid resigue
except cysteine

<721> VARIANT
222> (19},..019)
<Z23> Xaa 1s isoleucine. methionine, teucine or valine

<ZZ1> VARIANT
22> (20)...(20)
<223> Xaa is any amino acid residue except cysteine

<22%> YARIANT
<22~ (22)...(24)
<223 Each Xaa is indspendently any amino acid residue
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excepl cysteine

321> VARTANT

<222> (283...(31)

<223 Each ¥aa is independently any amino acid residue
except cysteine -

<221> VARIANT

P22 {32)...(3%

<223 Fach Xaa is independently any amind acid residue
except cysteine or absent

<221> VARIANT

<g2z> {35)...(36)
<223 Fach Xaa is independently any amino acid residue

except cysteine

<22%> VARIANT
<222> (31),..(37}
<723 Xaa 1s tyrosine or phenyalanine

<221> VARIARY

<2g2> (393...{49}
<223> Fach ¥as is independently any amino acid residue
except cysteine, or ahsent

<AD0> B
Xaa ¥aa Cys Xa@ Xaa Xoa Xaa Xaa Xaa Xea Xag Asp Xas lLeu leu Xaa
1 5 N 15
Yaa Cys Xaa Xaa Cys Xaa Xaa Xaa Cys Xoa Xea Xza Xas Xaa Xas Xaa

20 25 . it}
Xag Cys Xaa Xaz %aa Cys Xaa Xaa
35 40

<210> 9

<211> 360

<212- DHA

<213 Artificial Sequence

<22
<223 Degenerate nucleotide sequence encoding the
poiypeptide of SEQ 1D ND:4.

<221> misc_feature

222> (1)...(360)
<22% Each N is independently any nucleotide.
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400> 9
atgwsnogny tnggnimgmws mgrgnggn GoningRwWskm gagingayca Fgargarmgn
fogwsnytne sntaymgnaa rgarcarggn aartiytayg aycayytnyt rmgngayiay
athwsntayg crmsnathty youncarcay cenearcart gygentaytt ytgygaraay
aarytmmngmw snccngtnaa yythconeen garytningnm gncarmgnws nogngargtn
garaayadyw shoavaayws nggnrgntay carggnying arcaymgngg rwsngaroon
wsncengeny tnconggnyt naarytmwsn gengaycarg tngenytngt ntaywsnecn

<10 10

<Zli> 741

<212> DNA

<213 Artificial Sequence

<720
<223 Degenerate nucleotide seguence encoding the
polypeptide of SEQ ID HO:2.

<221> wisc_feature
<222 (1)...(471)
<Z23> Each H is independently any nucleotide

<400> 10

atgwsnogny tnOgrmgmds nGIEgNggn GUNTGTWSND gngtngayca ruargarhgn
togwsnytrn snbgymgnaa rgarcarggn aartiytayg aycayytnyt nmgngaytay
athwsntgyg cwsnathty yognoarcay cenaarcart gyoentaytt ytaygaraay
aarytnungmw sncongtnisa yytnctneon garytrmgnm gncarmgmes nggngargtn
garaayssyw sngayaayws nggrmgntay carggnytng arcaymangg pwSngargen
wsneengony tnconggnyt naarytmasn gengaycarg trgenytngt ntaywsnacn
ytnggnytnl gyytntgyge ngtnytntoy toyttyying tngongtege ntgytiyytn
aaraarmyng gngaycontg ywsnigycar COmgrWSAM gNCCIMINCa MWSRCCNGoR
aarwsTWsne argaycaygc nabggargen gomwsnocny ErWsnacmws Ncengarcon
gtngaracnt gywsnttytg ytiycengar tgymgnoonc cnacncarga rwshgongtn
#CNCCRggna cocongayce nacnigygen qgnmgntyog grigycayac amgnacnacn
gtnytncare cntgycenca yathoengay wsnggnytng gmathgtntg yotncongen
cargarggng gaccngongs n

<2if> 11

<?11> 8

<212 PRT

<213 Artificial Sequence

<220>
<723 FLAG affinity tag sequence

<800 11

69
120
180
240
300
i

60
120
160

" 240

RITH]

420
480

600

- 660

720
741
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Asp Tyr Lys Asp Asp Asp Asp Lys
3 5

<210 12

Q1> 7

<22 PRT

<213 Artificial Sequence

<220~
<723 Glu-Gip affinity tag

<40 12 '
6Tu Glu Tyr Het Pro Met &1
1. 5

10> 13

<2ii= 24

<212> THA

<13 Artificial Sequence

<R
Q23> Dligonucletide 7019580

56L0T0" £Esasaan

<4k 13
tgaagagray tactgggate cict

<210 14

<> 23

<Z12> DHA

<% Artificial Sequence

<220
<223> Oligonuclectide 19981

<A00> 14
gecasggeca cigtctggos tot
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Tacl
BR43X1
BR43XZ

Tacl
BRA3X1
BR43X2
BCMA

Tacl
BR43X2
BR43X2
B(MA

Tacl
BR43X1
BR43%2
BCMA

Tacl

BR&3X1
BR43X2
BCHA

Tacl
BRIIN

. BRa3xX2

BCHA

Tacl
BR43X1
BR43x2

GRSRVDOEER FPQGLWTGVA MRSCPEEQYW DPLL-GTCMS CKTICHHOSO
GRSRVDQEER FPQGLWTGYA MRSCPEEQYW DPLL-GTCMS CKTICNHQSQ
GRSRVDQEER ~- == - ovmme momcmce i i
---------------- MLaM AGQCSQNEYF DSLL-HACIP CQLRCSSNTP
<--~ 1st cys repeat ----------

-RTCAAFCRS L------- SC -RKEQGKFYDH LL-RD-CISC ASICGOHPKQ
~RTCAAFCRS L----- ~-5C RKEQEKFYDH L{-RD-CISC ASICGOHPKQ
.~ RLE LR SC RKEQGKFYDH LL-RD-CISC ASICGQHPKQ
PLTCQRYCNA SYINSVKGTN AILWTCLGLS LIISLAVFVL MFLLRKISSE
—————— > <-e--- 2nd cys repeat ----eecenn-

CAYFCENKLR SPVNLPPELR RORSGEVENN SDNSGRYCGL FHRGSEASPA
CAYFCENKLR SPYNLPPELR RQRSGEVENN SDNSGRYQGL FHRGSEASPA
CAYFCENKLR SPYNLPPELR RORSGEVENN SDNSGRYQGL FHRGSEASPA
PLEDEFKNTG SGLLEMANID LEKSRTGDEI ILPRGLEYTY EECTCEDCIK

LPGLKLSADY VALVYSTLGL CLCAVLCCFL VAVACFLKKR GDPCSCQPRS

LPGLKLSADG VALVYSTLGL CLCAVECCFL VAVACFLKKR GDPCSCOPRS

LPGLKLSADQ VALVYSTLGL CLCAVLCCFL VAVACFLKKR GDPCSCQPRS

SKPKVDSDHC FPLPAMEEGA TILVTTKTND YCKSLPAALS ATEIEKSISA
<.~ TACI/BRAI TH ---->

R?RQSPAKSS QDHAMEAGSP VSTSPEPVET CSFCFPECRA PTQESAVTPS
RPRUSPAKSS QDHAMEAGSP VSTSPEPVET CSFCFPECRA PTQESAVIPS
RPRQSPAXSS QDHAMEAGSP VYSTSPEPVET CSFCFPECRA PTQESAVIPG
R-mmoermmn mmmecen emmeeemeas meemmecmo e moemm———a

TPDPTCAGRW GCHTRTTVLQ PCPHIPOSGL GIVCVPAQEG GPGA------
TPDPTCAGRW GCHIRTTVLQ PCPHIPDSSL GIVCVPAQEG GPGA------
TPDPTCAGRW GCHTRTTVLQ PCPHIPDSGL GIVCVPAQEG GPGA-~----
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